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OF  THE 


AMERICAN  PHILOSOPHICAL    SOCIETY 


Vol.  XII.  1871.  Xo.  80 


Stated  Meeting^  January  C. 

Present,  seventeen  members. 

Geo.  B.  Wood,  President,  in  the  Chair. 

Mr.  Eekley  Coxe,  lately  elected,  was  presented  to  the  pre- 
siding officer  and- took  his  seat. 

The  resignation  of  Dr.  D.  F.  Condie  on  account  of  ill  health 
was  received,  and  accepted. 

A  photograph  of  Mr.  Thomas  Davidson,  dated  Geological 
Society,  Somerset  Ilouse,  London,  Dec.  G,  1870,  was  received. 

Letters  of  acknowledgment  were  received  from  the  London 
Geological  SoL'iety  (Proceedings  No.  82);  the  Smithsonian 
Institution  (88);  and  the  Swiss  Society  at  Berne,  dated  No- 
vember, 1809  (Proceedings,  vols.  X  and  XI). 

Donations  for  the  Librarv  were  received  from  the  Moscow 
N.  II.  S.,  Boston  Geological  Society,  Swiss  Society,  Bavarian 
Academy,  R.  Institution  of  G.  B.,  London  Meteorological, 
Chemical  and  Geological  Societies,  Leeds  Philosophical  So- 
ciety, K.  Dublin  Society,  Peabody  Musetyn  at  Boston,  Boston 
N.  II.  S.,  Silliman's  Journal,  American  Antiquarian  Society, 
Franklin  Institute,  College  of  Physicians,  Penn  Monthly,  U. 
S.  Observatory,  the  Treasury  Bureau,  and  ilditors  of  Nature. 
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The  decerrsjft' dF  Wm.  Cliauvenet  of  St.  Louis,  a  member  of 

•  •  • 

the  Society^ 'a't  St.  Paul,  Dec.  13,  1870,  was  announced  by 
the  S^cret'arry. 

The  decease  of  Joshua  J.  Cohen,  a  member  of  the  Society, 

at  -Bhltimore,  November  4,   1870,   aged  70  years,  was  an- 

nouiKJed  by  Prof.  Trego. 

...  The  decease  of  Albert  Barnes,  a  member  of  the  Society,  at 

."..  ^Philadelphia,  Dec.  24,  1870,  aged  72  years,  was  announced 

V ' '.  by  Mr.  Fraley. 

Dr.  Geo.  B.  Wood  communicated  the  results  of  experiments 
on  the  best  method  of  reviving  fruit  trees. 

Prof.  Cope  communicated  the  discovery  of  a  new  genus  of 
fish  from  the  Green  Kiver  Country. 

Mr.  Chase  described  the  methods  adopted  by  the  Meteoro- 
logical Board  of  the  Royal  Society,  which  he  had  lately  vis- 
ited %n  London. 

The  Report  of  the  .Judges  and  Clerks  of  the  annual  election 
was  read,  by  which  the  following  members  were  declared  duly 
elected  to  fill  the  respective  offices  of  the  Society  for  the  en- 
suing year. 

President. 
George  B.  Wood. 

Vice  Presidents. 
John  C.  Cresson,  Isaac  Lea,  Frederick  Fraley. 

Secretaries. 
Charles  B.  Trego,  Jolm  L.  LeConte, 

E.  Otis  Kendall,  J.  P.  Lesley. 

Cnrators. 
Hector  Tyndale,  Elias  Durand,  Joseph  Carson. 

TVeasurer. 
Charles  B.  Trego. 

Counsellors  to  serve  three  years. 
Isaac  Hays,  Henry  C.  Carey, 

Robert  E.  Rogers,  Robert  Bridges. 

Mr.  Lesley  was  nominated  Librarian. 
Pending  nominations  for  membership,  Nos.  661  to  668  were 
read. 


Jan.  6.1871.]  ^  [Wood. 

The  Publication  Committee  reported  upon  the  subject  of 
the  publication  of  Dr.  II.  C.  Wood's  Memoir  of  the  Fresh 
Water  Algos  of  the  United  States. 

The  Eeport  of  the  Finance  Committee,  postponed  from  the 
last  meeting,  was  read  by  its  Chairman,  Mr.  Fraley;  and  the 
sums  recommended  by  the  Committee  were,  on  motic^n,  ap- 
propriated for  the  expenses  of  the  ensuing  year.  A  further 
recommendation  to  increase  the  insurance  on  the  Ilall,  was 
on  motion  adopted;  and  the  meeting  was  adjourned. 


Revival  of  Fruit  Trees  prematurely  ceasing  to  bear  fruity  or  prema- 
turely decay ing^  by  Geo.  B.  Wood,  M.  D. 

(^Communicated  to  the  American  Philosophical  Society,  January  6,  1871.) 

It  is  well  known  that  most  fruit  trees,  especially  the  peach  and  apple 
trees,  in  sites  where  they  have  been  lonj?  cultivated,  often  cease  to  bear 
fruit,  and  even  perish,  long  before  their  natunal  period.  Thus  the  peach, 
which  has  a  normal  life  of  50  or  60  years,  or  longer,  and  grows  under  fa- 
vourable circumstances  to  the  size  of  a  considerable  tree,  generally,  in  this 
part  of  the  United  States,  ceases  to  bear  fruit  after  two  or  three  years  of 
productiveness,  and  soon  after  begins  to  decay,  seldom  living  beyond  15 
or  20  years.  The  apple  tree  also,  long  before  it  has  attained  its  normal 
length  of  life,  often  ceases  to  yield  fniit,  either  for  a  time  or  permanently, 
without  apparent  cause ;  and  trees,  planted  on  the  site  of  an  old  orchard 
which  has  been  removed,  not  unfrequently  refuse  to  bear  at  all,  or  at  least 
to  a  profitable  extent. 

It  is  obviously  of  great  importance  to  discover  the  cause  or  causes  of 
such  failures,  and,  if  possible,  to  apply  a  i-emedy  or  preventive.  Unless 
I  gi-eatly  deceive  myself,  I  have  succeeded  in  showing  that  the  evil  gen- 
erally has  its  source  in  a  deficiency  of  the  salts  of  potassa  in  the  soil,  and 
may  be  corrected  by  supplying  that  deficiency. 

The  alkali  potnssa,  in  combination  generally  with  one  or  another  of 
the  vegetable  acids,  is  an  essential  ingredient  in  all  plants,  excepting 
the  sea  plants,  in  which  its  place  is  supplied  by  soda.  In  living  vegeta- 
bles it  is  contained  dissolved  in  the  juice,  and  is  consequently  most  abun- 
dant in  the  most  succulent  parts ;  and,  when  the  plants  are  burned,  the  al- 
kali is  left  behind  in  the  ashes,  of  which  it  constitutes  an  exceedingly  vari- 
able proportion,  according  to  the  peculiar  plant  or  part  of  the  plant  burned. 
Thus,  while  the  ashes  of  oak  wood  contain  only  about  3  parts  in  1000, 
those  of  the  common  poke,  the  growing  wheat  stalk,  and  the  potato 
stems,  contain  48  or  50  parts  or  more.  The  greater  portion  by  far  of  the 
alkali  is  in  the  state  of  carbonate,  with  a  little  in  the  caustic  state,  and 
being,  in  these  conditions,  very  soluble  in  water,  is  extracted  by  lixiviatiou 


Wood.]  *  [Jan.  6, 

with  water,  and  obtained  by  evaporating  the  ley.  A  much  smaller  portion 
is  in  the  form  of  silicate,  which  is  left  behind  in  the  ashes  after  lixiviation, 
and  gives  to  the  soap-boilers'  ashes  almost  all  if  not  quite  all  their  value 
as  a  manure.  It  is,  however,  only  the  fresh-burned  ashes,  not  yet  sub- 
mitted to  lixiviation,  and  consequently  still  containing  the  potash  iu  its 
soluble  state,  that  is  applicable  to  the  purpose  of  supplying  the  alkali  to 
fruit  trees  in  the  mode  in  which  I  employ  it. 

When  plants  are  no  longer  supplied  with  the  requisite  amount  of  pot- 
ash, they  cense  to  grow,  and  at  length  generally  perish.  In  the  case  of 
the  succulent  fruit  trees,  as  the  alkali  is  required  in  the  largest  propor- 
tion in  the  fruit,  this  is  the  first  to  suffer ;  then  the  leaves  gradually  fail ; 
and  at  length  the  whole  tree  dies,  limb  after  limb. 

How  I  came  to  discover  this  source  of  premature  Aiiluro  of  fruit  trees, 
and  to  supply  the  deficiency  by  means  of  the  soluble  potash  contained  in 
fi-esh  ashes,  I  explained,  so  far  as  the  peach  tree  is  concerned,  in  a  com- 
munication made  last  year  to  the  Society,  which  was  published  in  the 
Proceedings. 

In  that  communication  I  stated  that,  believing  with  most  others 
that  the  peach  tree  perishes  prematurely,  in  consequence  of  being  at- 
tacked near  the  root  by  a  species  of  worm,  I  employed  as  a  remedy 
against  this  parasite,  after  scraping  as  far  as  i>ossible  the  worm  out  of  the 
root  with  a  knife,  fi^sh  ashes  iu  an  excavation  about  the  stem  of  the 
plant ;  supposing  that,  by  their  caustic  power,  they  might  destroy  any  re- 
mains of  the  insect  or  its  eggs.  This  method  was  not  original  with  my- 
self ;  as  I  had  seen  it  practiced  in  my  youth  very  effectually  in  keeping  a 
peach  orchard  in  bearing  for  several  years. 

The  peach  trees  on  which  I  tried  the  experiment  had  long  ceased  to  bear 
fruit,  and  were  in  the  last  stage  of  decay ;  in  several  instances  one  or 
more  branches  being  absolutely  dead,  and  the  stem  being  coveixd  with 
lichens,  as  is  apt  to  happen  with  dying  trees. 

This  was  done  in  the  Autumn  ;  the  earth  having  been  removed  around 
the  stem  of  each  tree  to  the  depth  of  four  or  five  inches,  so  as  to  lay  bare 
the  upper  surface  of  the  main  roots,  and  the  excavation  filled  with  fresh 
ashes.  Next  Spring  a  mfirvellous  change  was  experienced  by  the  trees. 
They  had  recovered  more  than  the  vigor  of  their  early  life,  and  bore  fruit 
iu  an  abundance  which  I  had  rarely,  if  ever,  witnessed. 

I  could  not  conceive  that  such  a  result  should  proceed  so  rapidly,  from 
the  destruction  of  a  few  worms.  Besides,  some  of  the  trees  had  no  worms 
that  could  bo  observed ;  and  yet  they  had  been  as  far  gone,  and  were  as 
much  revived  as  the  others. 

I  was,  therefore,  driven  to  the  conclusion,  that  the  ashes  had  not  acted 
by  destroying  the  worm,  but  by  furnishing  to  the  trees  a  material  neces- 
sary to  their  existence,  and  from  the  want  of  which  they  were  perishing. 
This  could  only  be  the  soluble  potash  contained  in  the  ashes,  which  being 
dissolved  by  the  rain,  was  carried  in  solution  along  the  roots  to  the  mi- 
nute rootlets  whei-e  it  was  needed. 

One  important  inference,  which  may  be  here  incidentally  mentioncil,  is 


that  tl«  peikcli  trees  were  not  ilfiiitf  Cratn  tliu  norms,  but  that  thr£c  oi- 
tocked  tlicni  becaiiaa  iliey  wera  ■iyInK'  from  nllier  cauncs ;  anij  it  in  prula- 
l>ly  Irup,  HE  »  h'euurnl  I'nW,  lliut  plnnls  in  perfect  bealtli  arc  Id  k  aandition 
to  prnleot  theni»elTCH  ngftiii&t  tlentrnctive  pnrasitos,  prol>ab)y  liecauio 
lli«  wtltK  of  potnvU  in  tlivir  vessvla  ar«  Tcpul4ivo  or  even  duettucliie 
to  tlic  pntacit«»,  itliicli  destroy  tlie  plant  in  Uio  Hlisence  of  tbis  dcfcnri'. 
T  ain  not  certain  pveii  tlmt  the  curaitlio  niay  not  attack  licrtaiu  rniilf, 
Ibe  pluiu  for  example,  in  conscijiiGiiuu  of  delliriciicy  of  the  alkali  in  iis 
juice. 

At  tlT«t  my  experiment*  were  confined  to  llie  peach  treei  but  it  roA;  be 
rememlierHd  Hint  I  i-aid  in  my  aoairnuuicalion  to  tUe  Bociolytliat  the 
principle  was  applicable  us  well  tu  utiier  fruit  trees,  cEpecially  the  nrvl'  • 
wbicfa  oflMi  refuses  to  bear,  apparently  capricioubiy,  but  probably 
from  the  stune  deficiency  of  polaih  in  tba  soil. 

Loat  rear  I  lind  the  oppoitunity  of  tCBting  the  correetneis  of  Ibis  sn|  • 
)KMltloii.  I  happened  to  have  two  apple  orchards;  one  iif  tbem  o]il,  per- 
luipa  CO  fears  or  more,  tlie  other  comparatively  youui;.  luiviiii;  hern 
plantMl,  l.'ior  30  years  since, upon  a  piece  of  grtiund  which  liad  pr«Tiously 
bveo  the  site  of  an  apple  orchard  for  I  presume  nearly  a  tentury.  Both 
of  thirw^  orchardH  mijclit  be  considered  as  iieaily  or  quite  harran;  Ihe  old 
orebard  not  hnvinj;  liorne  fftit  of  any  account  for  0  or  li  years ;  and  tito 
jotmg  una  bavini;  never  borne  at  all. 

In  tbo  Autumn  of  1888.  I  tried  with  tliese  trees  the  same  oxpcri- 
Riimts  sw  in  the  Anlumn  lief'irc  1  had  ti-lcd  with  the  peach  trees.  11ie 
(wrlh  was  dug  fi'oni  aronnd  tlieir  flenis  to  the  depth  of  about  5  inches, 
mad  the  nxoavntion  filled,  in  each  ease,  with  about  half  a  liunhcl  of  (i^i 
aahea.  As  rtcards  tho  old  nrcbard,  a  pnnw.isallowed  torrm*'.!  without 
tnmtment,  soaKto  Bf^cure  tlie  elfetrt  of  coiitraat.  In  the  following  Spiinc 
aud  Hummer  (ISTO).  my  expectations  wci-o  fully  iralizcd.  Eailyin  Ibesea- 
Hon  a  slriHinj;  difTerriica  waa  observed  between  the  trees  not  tieateit  with 
Bshm  and  Ihoee  whirh  hnd  l^orii  an  trenteil.  A  dividing  lino  could  bo  observed 
b«twoi<n  the  tvro  si'i'tSi>iiH  uftlie  Orohai-d;  the  treox  which  had  buen  nshed 
li-'ing  fur  ward  lolh  in  leuf  and  blosHoin,  while  the  oclier^  had  made  Uttlu 
pmirtvMi;  and  the  same  oonlrMBt  was  prescnled  in  the  fruit ;  the  trees  left 
to  tiiemaclvea  txintinuing  barren,  while  tli<>  aHhed  trees  were  loaded  witli 
applca.  The  young  orcTiorcl,  which  hwl  never  borne  fruit  of  any  aceuuni, 
wan  also  made  for  the  lirvt  lliii(>  vrny  pi-oductivc, 

\  similar  ex]>eriment  I  triinl  on  nevei-al  ftailt  trees  of  ditfcrent  kinds  in 
my  t^rdcu  in  town,  Though  the  ashes  were  applied  in  Spring  instead  of 
•>f  Aitlnmii,  Ihe  trees  in  the  gi-owing  season  gave  evidence  of  a  similar 
mialt.  Tlie  trees  wero  He  lily  cove  rc<i  with  bh)SR0m8,  wliich  wet«  just 
lireomlng  cxcbntigcd  fur  young  fniil,  when  the  fninous  hnil  ttluitn  wbirh 
liruvi^d  HI  deatnictive  in  this  city  last  Summer,  put  an  end  to  Iho  ciperi- 
incnt  by  itripping  the  trees  ofbloi-soin  and  I'liiit,  and  to  a  {-reat  extent 
I'lvu  of  tlie Ir  leaves. 

Amoujt  the  trees  was  a  T«ry  old  Newtown  iv!ppL'!i  tree,  probiibly  of  not 
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less  tliati  threG-i]unrtors  of  n  iwntury,  which  liiwl  for  years  censed  to  hcnr, 
or  at  best  on);  now  and  tlieo  bi'trnglit  furth  a  small  knotty  fniit  unlit 
for  use.  Thi-  tii'O  liad  been  flying  branch  by  braneh  every  jenr,  until  re- 
duced itlmuKt  to  llie  orl(;inal  stem,  with  a  few  bmnclies  above.  Hiia  tree 
api)ciirci<  in  llio  warm  wssou  to  have  rcnuwed  itx  yoiilh.  It  was  richly 
loaded  with  tlowci-s  and  fruit,  and  gavu  hopes  of  nil  ahiindniit  product  in 
the  Autumi).  It  ftiiRcrf  il,  homevoi',  like  tbo  olliers  Ironi  liie  storiu ;  v«ry 
few  of  the  blosAORisor  young  fnilt  remnining  slillattoclieil.  One  of  tliew 
went  oil  to  full  siie :  and  the  handsome  Kewtown  piiipcn  which  I  now 
exIiiliU  to  the  in(>niberR  as  the  sola  relict  of  the  storm,  shows  whnt  tho 
proilnct  might  have  been  had  not  the  hail  inteifered, 

I  cousi<ler  that  the  efficiency  of  potasoii  in  the  revivfll  of  fruit  trees  hns 
been  satinfactorlly  denionstntted  by  tlie  foregoing  cKpurimentjt,  at  lon&t  in 
rotation  to  the  puuoh  and  apple  trees,  nnil  I  taay  add  also  tlie  peilr  and 
quince,  sevcrnl  of  wliicli  were  treated  ill  tho  same  wuy  mid  with  sitnilnr 
results. 

Ah  to  the  Ficcuring  of  the  plum  and  other  fruits  against  the  ciircnlio, 
I  tliink  it  highly  pcobahlo  tiint  this  ntio  inny  bo  done  by  asliea,  on  the 
principle  already  stated,  but  I  e^ti  udduce  uo  proof  of  the  fact ;  for.  in 
the  only  instauue  in  which  ashes  were  applied  to  a  pluin,  though  the  tree 
showed  its  oiTecta  by  a  copious  growth  of  leaves  and  ilowi 
young  fruit;  yet  tho  deslniolion  of  tlieseby  the  hail  stori 
completion  of  tlic  experimvut ;  and  fui'  the  deterniiiiatiu 
nliidi  is  an  important  one,  we  shall  have  to  wait  n 

But,  impoilaut  as  I  consider  tlie  discovery  of  the  reviving  power  of 
potasSH  in  tho  case  of  AtiUiig  fi'Uit  trees,  1  attnoh  much  greater  value 
to  Its  iiifliienoe  in  another  ilirccliou.  whiuh  iias  siiggOKled  Itself  in  llie 
prosecution  of  tho  foregoing  DxitoriiueiitB,  It  is  au  unfortunate  fact, 
wttli  wlileh  tho  farmers  of  my  own  country  neigh lioui-hood  oi'e  unhap- 
pily but  too  fittnillar,  that  uortnin  oerual  crops,  e«|i«clally  that  nfwlioat, 
have  for  aotiio  years  l^tilcd  to  be  remunerative.  Where  wheat  formerly 
yielded  20  bushels  or  mora  to  the  Hore.  il  can  uow  seldom  be  made  to 
prodnue  more  than  IS  or  13  bnshela. 

In  examining  into  the  relative  proportion  of  potasaa  contained  in  the 
ashes  of  different  plants,  I  was  surprhied  to  fliid  that,  while  thu  ashes  of 
the  common  lire  wood,  as  tlio  onk,  maple,  &c.,  contain  fi'om  alM>ut  3  lo 
4  parts  In  1000,  thu  wheat  stulk  yicUb  47  pni^s.  Now,  while  this  fact 
shows  the  cKtraunlinary  demand  at  growing  wheat  for  potaisn,  it  sug- 
gests also  that  the  failuiv  of  this  crop  uf  late  nuiy  be  owing  lu  [lie  same 
deflclency  of  the  salts  uf  potassa  in  tlio  soil  whiub  lias  caused  the  promatui-e 
destruction  of  the  poach;  anil,  though  tho  manure  cmpluyvd  in  the  oulll- 
vation  of  whiiut  eontHin*  potUMa,  y«t  it  does  nut  yield  As  much  of  this  al- 
kali as  llio  plant  rptjuircs  for  its  givatcst  prod ucilv anew ;  P'vr  of  tho 
vcgctahles  that  unite  In  the  constitution  of  inauuro  containing  so  largo  a 
pi«|iortion  an  wheat.  To  meet  this  demand  of  wheal,  I  propose  to  employ 
uuli-acliod  aslios  in  the  enltivatimi  nf  tlii*  coii<al.  Leached  nahex,  though 
containing  hut  a  small  pi\>p'nliou  of  potassa,  auJ  tliat  clilcHy  hi  the  foim 
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of  insoluble  silicate,  have  nevertheless  been  found  one  of  the  best  fertilizers 
for  wheat ;  and  the  unleached,  if  properly  applied,  would  probably  pro- 
duce a  much  greater  effect.  This  is  as  yet  conjectural;  but  I  have  in- 
stituted an  experiment  which  I  hoi)e  m.ay  determine  the  point. 

In  the  early  Autumn  I  caused  an  acre  of  ground  to  be  prepared  for  a 
wheat  crop.  It  was  divided  into  three  parts,  one  of  which  was  to  bo 
treated  with  fresh  ashes  exclusively,  another  with  ashes  and  swamp  muck, 
and  the  third  with  muck  alone.  The  part  ti-eated  with  fresh  ashes  ex- 
clusively was  first  ploughed,  and  then  sown  with  wheat  and  ashes,  and 
finally  harrowed  ;  the  ashes  being  applied  to  the  surface,  so  that  its 
potassa  when  dissolved  by  the  rain  should  be  in  immediate  contact 
with  the  germinating  seed ;  instead  of  being  pli)ughed  in,  as  ordinary 
leached  ashes  are.  The  second  part,  after  being  covered  with  the  muck, 
was  ploughed ;  and  the  wheat  and  ashes  were  applied  as  before.  The 
third  part  was  simply  treated  with  muck,  then  ploughed  and  sown  with 
wheat. 

The  result  of  this  experiment  cannot  be  detei*mined  until  the  time  of 
the  wheat  harvest  next  Summer ;  but,  thus  far,  it  is  decidedly  in  favor  of 
the  ashes ;  the  two-thirds  which  were  treated  with  this  material  being 
obviously  better  grown  than  the  part  treated  with  muck  alone.  A  glance 
of  the  eye  is  sufficient  to  show  a  decided  line  of  demarcation,  the  ashed 
part  being  greener  and  further  advanced  than  the  remainder. 

I  have  little  doubt  that  the  same  remarks  are  equally  applicable  to  the 
common  potato.  This  is  now  a  much  less  certain,  and  on  the  whole  much 
less  productive  crop  than  formerly.  I  find  that  the  potato  stalks  contain 
55  parts  of  potassa  in  1000  of  ashes ;  so  that  the  plant  requires  consider- 
ably more  potassa  than  wheat.  If,  therefore,  fresh  ashes  are  to  be  a  rem- 
edy for  the  failure  of  the  wheat  crop,  they  are  likely  to  bo  even  more  so 
for  the  potato.  The  verification  of  this  supposition  experimentally  I  have 
reserved  for  the  next  year,  when,  if  living,  I  propose  to  try  an  experiment 
on  a  hirgc  scale . 

An  objection  to  all  the  foregoing  facts,  in  a  practical  bearing,  is  the 
question  whence  the  ashes  are  to  be  obtained  for  carrying  the  proposition 
into  effect  on  a  large  scale,  and  whether  enough  can  be  obtained  for  the 
purpose.  An  obvious  answer  to  this  objection  is  that,  should  ashes  fail 
in  any  neighbourhood,  recourse  can  be  had  to  the  crude  potash  of  the  shops 
derived  from  the  lixiviation  of  the  ashes  of  forests  cleared  in  the  course  of 
cultivation,  and,  when  these  forests  shall  have  all  been  destroyed,  we  may 
resort  to  the  minerals  containing  potassa,  as  to  the  felspar  in  granite 
rocks,  which  contains  a  large  proportion  of  that  alkali. 

But  for  a  long  time  yet  to  come,  and  indefinitely  as  regards  fruit  trees, 
ashes  can  be  obtained  from  the  resources  of  the  farm  itself.  If  all  the 
falling  leaves  of  the  woods  and  swamps,  all  the  dead  and  dying  branches 
or  stems  of  trees,  and  all  the  weeds,  trimming^  of  trees,  and  other  rub- 
bish of  a  farm  be  collected  and  burnt,  enough  ashes  could  probably  be 
obtained  annually,  for  an  indefinite  length  of  time,  to  keep  all  the  fruit 
trees  in  full  bearing. 


Stated  Meeting^  January  20,  1871. 

Present,  twelve  members. 

Geo.  B.  Wood,  President,  in  the  Chair. 

A  letter  was  received  from  the  Illinois  Industrial  Univer- 
sity at  Champaign,  dated  Jan.  12,  1871. 

Letters  of  envoy  were  received  from  the  R.  Saxon  Society, 
and  the  Society  of  Natural  Sciences  at  Chemnitz. 

Donations  for  the  Library  were  received  from  the  Royal 
Academies  and  Societies  at  Berlin,  Leipsig,  Munich,  Chem- 
nitz, Altenburg,  Quebec  and  Montreal ;  the  London  Astro- 
nomical, Antiquarian  and  Meteorological  Societies;  the 
American  and  Medical  Journals,  Prof,  Greenough  of  Cam- 
bridge, Dr.  D.  D.  Slade  of  Chestnut  Hill,  Mass.,  Prof.  E.  B. 
Andrews  of  Columbus,  Ohio,  and  Gen.  Tyndale. 

The  death  of  Stephen  Colwell,  at  Philadelphia,  Jan'y  loth, 
aged  70  years,  Avas  announced  by  Prof.  Cresson ;  and  on  mo- 
tion, Mr.  Carey  was  appointed  to  prepare  an  obituary  notice 
of  the  deceased. 

The  death  of  Dr.  Edward  Rhoads,  at  Philadelphia,  Jan'y 
15th,  aged  29  years;  was  announced  by  Professor  Trego. 

Mr.  Lesley  was  elected  Librarian. 

The  Committee  to  which  was  referred  the  paper  of  Dr. 
Pepper,  on  a  case  of  universal  Hyperostosis,  reported  in  favor 
of  its  publication  in  the  Proceedings  of  the  Society,  accompa- 
nied with  figures  for  two  octavo  plates,  which,  on  motion  of 
Prof.  Cresson,  was  so  ordered. 

A  communication  entitled:  "Computation  of  the  effects  of 
gradients,  by  Herman  Haupt,"  was  read  by  the  Secretary. 
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CoMPUT-VTioN  OP  Effect  of  Gredients,  by  Herman  IIaupt,   C.   E. 
{Read  before  the  American  Philosopldcal  Society ^  Jan.  20,  1871.) 

When  the  maximum  load  of  the  8am*e  engine  on  any  two  differant  incli- 
nations has  been  determined  by  experiment,  the  data  thus  furnished  will 
suffice  to  calculate  the  load  on  any  other  inclination,  the  load  on  a  level, 
the  angle  of  friction  at  which  a  train  will  descend  by  gravity,  the  tractive 
I)Ower  i^er  ton  of  load  required  on  a  level,  and  the  number  of  pounds 
adhesion  for  each  ton  of  load. 

Let  R  —  resistance  of  the  train  on  a  level,  which  is  equal  to  the  power 
of  the  engine. 

W  —  gross  weight  of  train  on  a  level. 

W  —  Weight  of  train  on  grade  a. 

"W*  —  Weight  of  train  on  grade  b. 

It  is  proper  to  assume  that  the  power  reciuired  to  move  a  train  and  the 
i-csistance,  which  is  equal  to  it,  will  be  in  proportion  to  the  gross  weight. 

The  force  of  gi*avity  on  any  inclination  is  in  proportion  to  the  height 
of  the  plane  divided  by  its  length,  or  as  the  rise  per  mile  divided  by  5280. 

The  resistance  of  the  train  W*  being  in  proportion  to  its  weight,  will 
be  expressed  by       W* 


W 


R 


and  the  resistance  of  W*  by        W* 

W'a 
The  gravity  of  the  train  W*  on  the  gi-ade  a  —     — 

t)380 

and  of  the  train   W*  on  the  grade  b  — 

5280 

If  the  engine  is  supposed  to  be  loaded  to  the  limit  of  its  capacity  on 
each  gradient,  then  the  power  exerted  must  be  the  same  as  on  a  level  and 

W'         ■  w^^ 

W  "^     5280 

W«  „  W«b      „ 

-  ^-K    +     — -  —  R     and  consequently 

_W^  W;a      JV72  W^ 

W         "^     5280"  W  "^     5280 

From  which  the  value  of  R  in  terms  of  W  W^  and  W*  is  found. 

R- w_^^-z:T*_ 

5280  (W»— W«) 

Wi  W^a 

Take  now  the  former  equation  R  —  -Tir -R    +    fiooR 

from  which  a  second  value  of  R  is  obtained  — __)_?'. 


5280  (W— Wi) 
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Placing  these  two  values  of  R  equal  to  each  other, 
there  results       W^a        W«b— W]a 

By  substituting  in  the  equation  the  values  of  W  W*  a  and  b,  as  deter, 
mined  by  observation,  the  values  of  W,  or  the  gross  load  on  a  level  can 
be  ascertained. 

By  substituting  the  values  of  WW'  W*  a  and  b,  the  value  of  R  on  the 
power  exerted  by  the  engine  is  obtained. 

By  dividing  this  power  in  pounds  by  the  gross  load  on  a  level,  the  trac- 
tile power  per  ton  is  determined. 

As  the  power  of  an  engine  is  always  sufficient  to  slip  the  wheels  on  a 
dry  rail,  the  adhesion  is  equal  to  the  actual  power  exeiled  in  moving  the 
train  and  divided  by  the  weight  on  drives,  gives  the  proportion  between 
adhesion  and  weight. 

The  angle  of  friction  can  be  found  when  tlie  tractive  power  per  ton  of 
of  2000  lbs.  on  a  level  (T)  has  been  determined,  by  the  equation. 

Angle  of  friction  expressed  in  feet  per  mile  «-  T  X  o280 

2000 

It  has  been  customary  for  engineers  to  consider  the  angle  of  friction  as 
16  to  18  feet  i>er  mile,  the  tractive  power  per  ton  on  a  level  8  pounds,  and 
the  adhesion  one-eighth  the  weight  upon  the  drives;  but  to  obtain  reliable 
data  from  the  actual  operation  of  roads  running  full  trains,  a  letter  was 
addressed  to  A.  J.  Cassatt,  GenU  Sup't  of  the  Penna.  R.  R.,  who  fur- 
nished the  following  data: 
A  standard  10  wheel  freight  engine  with  3  pairs  of  4^  feet  drivers  with 

average  water  and  coal,  weighs  75,500  lbs. 

Weight  on  drivers,  53,000 

Weight  of  tender  with  coal  and  water,  50,000 

Such  an  engine  will  haul  on  a  moderately  straight  and  level  road  50 

loaded  cars  of  40,000  lbs.  each.     Gross  load,  1062  tons. 

On  a  grade  of  10  feet  to  the  mile,  43  cars,  922       ** 

*«        «i  26     **        "  **    35     **  763       ** 

"        "  52/j  **  **    17     "  403       *' 

u         »«  c)Q     u        n         (i    II     «  282       " 

And  the  engine  would  work  easier  with  50  cars  on  the  level  than  in  either 
of  the  other  cases  and  with  most  difficulty  in  the  last. 

Herman  J.  Lombaert,  Esq.,  Vice  President  and  former  General  Super- 
intendent of  Penna.  R.  R.,  gives  as  a  full  average  load  for  actual  work  in 
the  usual  conditions  of  the  rail. 

Tons, 
Load  on  52^'^  ft.  grade,  16  cars.     Gross  load  of  engine,  382 

it         n     10         ii         it        40      n  ii^  li  a  gQ2 

As  it  is  proper  to  allow  a  margin  for  unfavorable  condition  of  rails,  the 
calculations  will  be  made  on  the  data  furnished  by  H.  J.  Lombaert. 

Substituting  the  values  of  a  b  W^  W*,  which  are  10,  52i'*o,  382  and  862, 
the  value  of  W,  or  the  gross  load  on  a  level  is  found  be  1210  tons. 
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The  value  of  R  or  the  tractive  power  on  a  level,  is  11,160  lbs.,  or  Sj'j 
lbs.  per  ton. 

The  angle  of  friction  is    ^'^  ^  ''^^^    —24.28  feet  per  mile. 

2000 

The  adhesion  is  -  ' or  nearly  one-fifth  of  weight  on  drives. 

53,000 

From  the  data  thus  obtained  a  simple  formula  may  be  found  to  deter- 
mine the  load  of  the  engine  on  any  given  inclination,  a. 
Let  P  —  tractile  power  of  engine  on  a  level  =•  11,100  lbs. 
a  —  feet  per  mile  of  inclination. 

W  —  weight  of  train  on  incline  a,  including  engine  and  tender. 
Then  W^  X  9.2  —  power  required  to  move  W^  on  level. 

And  W .  ..  gravity  on  incline  a,  in  tons  or  W^      —    a,  in  pounds. 

5280        *•         ^  5280 

9.2  W^  +  ^^^  W^a  —  power  of  engine  —  11,160  lbs. 
5280  ^  ** 

OrW^-J^ll??_ 


9.2^.38a 

If  a  be  supposed  equal  to  48.56,  or  twice  the  angle  of  friction,  the  load 
would  be  404  tons  nearly,  or  one-third  the  load  on  a  level. 

On  a  grade  of  30  feet  the  load  would  be  541  tons.  The  grade  that  would 
require  double  the  power  of  a  grade  of  30  feet  would  be  84J  feet. 

If  the  gross  load  of  a  train  on  a  grade  of  30  feet  be  541  tons,  the  engine 
and  tender  being  63  tons,  the  cars  and  contents  will  weigh  478  tons,  or  if 
18,000  lbs.  be  allowed  for  each  car  and  22,000  lbs.  for  load,  the  number  of 
cars  will  bo  27  and  the  net  load  297  tons,  weight  of  cai*s  243  tons. 

If  the  return  cars  shall  be  only  one-fourth  loaded,  which  is  probably  a 
full  proportion  for  the  Shenadoah  Valley  extension,  the  gross  weight  of 
the  trains  would  be  380  tons. 

The  inclination  that  would  employ  the  full  power  of  the  engine  in  haul- 
ing 380  tons,  would  be  53  feet. 

The  inclination  that  would  employ  the  full  power  of  an  assistant  engine 
in  hauling  a  gross  load  of  380  tons,  would  be  130  feet,  but  allowance  must 
be  made  for  the  weight  of  the  assistant  engine. 

The  following  description  of  Indian  sculpture  on  the  banks 
of  the  Monongahela  Eiver,  by  Jos.  D.  Reid,  was  received 
through  Prof.  Cope,  accompanied  by  a  drawing  of  the  same. 

Sketch  akd  Description  of  a  Carved  Rock  on  the  bank  of  tJie  Mo- 

nongahela  River,  Pa.,  by  Joseph  D.  Reid. 

{Read  before  the  American  ^Philosophical  Society ,  Jan.  20,  1871.) 

The  engraving  represents  the  face  of  a  large  rock  lying  on  the  east 
bluff  of  the  Monongahela  River,  in  Fayette  County,  Pennsylvania,  oppo- 
site the  village  of  MiUsborough  and  the  mouth  of  Ten  Mile  Creek. 
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Originally  there  were  three  rocks,  but  after  the  settlement  of  the  coun- 
try, two  of  them  were  broken  up  and  used  in  building  a  mill  dam.  At 
that  time  no  one  valued  or  took  any  interest  in  tliera,  so  no  record  was 
kept  other  than  the  fact  that  they  were  larger,  and  the  figures  moi*e  nu- 
merous than  on  the  one  remaining.  This  is  in  its  original  position,  partly 
buried  in  the  earth  and  so  worn  by  the  elements  that  the  figures  have  be- 
come indistinct,  and  some  perhaps  entirely  obliterated. 

The  Indians  that  inhabited  this  part  of  the  country  at  the  time  of  its 
settlement  by  the  whites,  had  no  legend  connected  with  the  rock,  nor 
had  they  used  it  for  any  purpose.  The  river  bank  at  this  point  and  for 
a  mile  above  and  below  is  nearly  a  perpendicular  bluff,  three  hundred 
feet  high,  which  is  broken  by  a  single  ravine,  and  up  this  by  a  naiTOw 
winding  path,  apparently  made  by  the  same  people  that  carved  the  figures 
on  the  rock,  it  may  be  reached  directly  from  the  river.  A  carriage  road 
that  leaves  the  river  opposite  Fredericktown,  and  winds  around  behind 
the  bluff,  passes  within  a  few  hundred  yards  of  it. 

The  rock  is  sandstone,  of  the  same  formation  as  that  overlying  the  coal 
bed  below ;  the  surface  is  nearly  flat,  of  an  area  of  twenty  by  twenty-four 
feet,  with  a  depression  diagonally  across,  in  a  line  with  the  three  cups  or 
hollows,  the  largest  of  which  is  one  foot  in  diameter,  the  middle  one  six 
inches,  and  the  other  thi-ee  inches,  and  about  the  same  in  depth.  The  de- 
pression or  gutter  and  cups,  are  discolored,  apparently  by  the  blood  of 
the  victims  that  the  inhabitants  offered  as  sacrifices  to  their  deity. 

The  south  end  of  the  rock  is  three  feet  above  the  ground,  with  a  hog- 
like figure  carved  upon  it.  The  foot  and  hand  prints  are  deeper  and 
more  perfect  than  the  other  figures,  and  in  no  way  can  I  better  describe 
them  than  they  present  the  appearance  of  having  been  made  by  pressing 
the  naked  feet  and  hands  upon  soft  clay,  so  perfect  are  some  of  the  im- 
pressions. This  is  particularly  the  case  with  one  foot-pnnt,  with  a  kirge 
toe  on  each  side  of  the  foot,  and  a  hand-print  with  a  thumb  on  both  sides. 

The  largest  impressions  of  feet  measure  fourteen .  inches  in  length, 
eight  inches  across  the  toes,  and  four  inches  across  the  heel,  the  other 
foot-prints  vary  in  size  from  that  of  a  full  grown  man  to  a  child  five  years 
of  age;  the  foot-prints  of  squirrels  are  numerous  and  cross  the  rock  in 
every  direction,  not  all  that  were  on  the  rock  being  represented  in  tlie  en- 
graving. A  single  track  of  an  animal  with  claws,  and  one  intended  to  i-e- 
present  a  buffalo  track,  but  too  small  and  no  division  of  hoof,  are  also  on 
the  rock.  The  biixl  tracks  are  <iuiie  distinct  and  six  inches  in  length;  the 
three  links  have  apparently  been  made  recently.  The  other  ligui-es  are 
outlines,  and  Avhether  made  as  a  pastime  by  some  Indian  artist  or  as  the 
hieroglyphic  history  of  an  Indian  race,  I  leave  others  to  determine. 

Two  miles  down  the  river  from  the  rock  is  the  site  of  an  old  Indian 
town  and  grave-yard,  Avhich  covers  an^rea  of  fifteen  or  twenty  acres. 
There  may  be  found  pieces  of  sun  dried  pottery  made  of  clay  and  minute 
fi*agments  of  muscle  shells,  j)ipes  of  the  same  material,  and  some  of  soap 
stone,  axes  of  red  ^jasper  as  hard  as  steel,  arrow  heads  of  flint,  and  circu- 
lar flat  sandstones,  two  of  six  inches  in  diameter  and  from  one-fourth  of 
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an  inch  to  one  inch  in  thickness,  some  of  them  with  a  hole  in  the  centre 
and  with  a  worn  appearance  of  the  edge. 

The  graves  are  covered  with  flat  stones  taken  from  the  cliflf  above  the 
town;  they  were  placed  about  two  feet  below  tlie  surfiice,  and  being  out 
of  reach  of  the  plow,  the  gi*avcs  are  seldom  disturbed;  one  oi)ened  a  few 
years  since,  exposed  the  skeleton  of  a  female  in  a  sitting  position  with  a 
child  in  her  arms,  the  skull  of  the  child  stuck  to  the  stone,  and  when  ex- 
pose<l  to  the  air  for  a  few  minutes  a  slight  puff  of  wind  carried  it  away 
in  a  little  cloud  of  dust.  The  skeletons  are  found  in  a  sitting  position 
facing  the  east  and  after  being  exposed  a  short  time  fall  to  dust.  Noth- 
ing besides  pieces  of  charcoal  have  been  found  in  the  graves  with  the 
bones.     (See  Plate  I.) 

The  following  members  were  nominated  and  elected  to 
serve  on  the  Standing  Committees  for  the  year : — 

Finance, — Mr.  Fraley,  Mr.  E.  K.  Price,  Mr.  Marsh. 

Publication. — Prof.  Trego,  Mr.  E.  K.  Price,  Dr.  Carson, 
Mr.  Fraley,  Mr.  W.  M.  Tilghman. 

IlalL — Gen.  Tyndale,  Mr.  E.  Hopper,  Mr.  S.  W.  Roberts. 

Library. — Dr.  Bell,  Dr.  Coates,  Mr.  E.  K.  Price,  Dr.  Carson, 
Dr.  Krauth. 

On  motion  of  the  Secretary,  the  reading  of  the  list  of  mem- 
bors  was  postponed  to  the  next  stated  meeting. 

Pending  nominations  Xos.  661  to  668,  and  new  nominations 
Nos.  669,  670,  were  read. 

Balloting  then  proceeded ;  and  there  being  no  other  busi- 
ness, the  ballot-boxes  were  examined  by  the  presiding  offi- 
cers, who  declared  the  following  named  persons  duly  elected 
members  of  the  Society : 

J[.  Es:iuirox  de  Parieu,  of  France. 

Mr.  W.  T.  Roepper,  of  Bethlehem. 

]Jev-  W.  C.  Cattell,  of  p:aston,  Pa.,  Pres.  Lafayette  Coll. 

Mr.  II.  M.  Phillips,  of  Philadelphia. 

Mr.  Thos.  ileehan,  of  Germantown. 

Gen.  George  G.  Meade,  of  Philadelphia,  U.  S.  A. 

Lieut.  C.  E.  Dutton,  of  Fraukford,  Pa. 

Mr.  Ed.  Goodfellow,  of  Philadelphia,  U.  S.  Coast  Survey. 

And  the  Society  was  adjourned. 
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Stated  Meeting,  February  3,  1871. 

Present,  twelve  members. 

Mr.  Fraley,  Vice  President,  in  the  Chair. 

Mr.  Goodfellow,  a  "hewly  elected  member,  was  presented  to 
the  presiding  officer,  and  took  his  seat. 

Letters  accepting  membership  were  received  from  Mr.  W. 
Thos.  Roepper,  dated  Bethlehem,  Jan.  30 ;  from  C.  E.  But- 
ton, Lieut,  of  Ordnance  U.  S.  A.,  Frankford  Arsenal,  Jan.  30  ; 
from  Thos.  Meehan,  dated  Germantown,  Jan.  26;  from  W.  C. 
Cattell,  dated  Lafayette  College,  Easton,  Pa.,  Jan'y  23  ;  from 
Edward  Goodfellow,  dated  927  Clinton  Street,  Phila.,  Jan'y 
23  ;  and  from  Geo.  G.  Meade,  Maj.  Gen.  U.  S.  A.,  dated  Phila., 
Jan'y  30,  1871. 

A  letter  was  received  from  Wrn.  Lowber,  M.  D.,  dated  319 
S.  16th  Street,  Phila.,  Jan'y  8,  1871,  oftering  for  the  accept- 
ance of  the  Society  the  glass  cylinder  of  the  electrical  machine 
belonging  to  his  great-grandfather,  David  Rittenhouse,  an 
early  President  of  the  Society.  On  motion,  the  ofter  was  ac- 
cepted, and  the  Curators  were  desired  to  return  to  Dr.  Lowber 
the  thanks  of  the  Society. 

A  letter  was  received  from  Wm.  Hitchman,  M.  D.,  dated 
29  Erskine  Street,  Liverpool,  Eng.,  January,  respecting  the 
organization  ot  a  Liverpool  Anthropological  Society. 

Donations  for  the  Library  were  received  from  the  Italian 
Committee  of  Geology,  the  Academia  dei  Lincei  at  Rome,  the 
Berlin  Academy,  the  London  Astronomical  Society,  the  Es.scx 
Institute,  the  Boston  Natural  History  Society,  the  American 
Journal  of  Science,  the  Franklin  Institute,  Pcnn  Monthly, 
Pennsylvania  Institution  for  the  Blind,  American  Journal  of 
Pharmacy,  and  London  Nature. 
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The  death  of  George  Ticknor,  of  Boston,  a  member  of  the 
Society,  Jan.  26tb,  aged  80  years,  was  announced  by  the  Se- 
cretary, 

On  motion.  Dr.  H.  Ilartshorne  was  appointed  to  prepare  an 
obituary  notice  of  the  late  Dr.  Khoads. 

On  motion,  Prof.  Kendall  was  appointed  to  prepare  an  obit- 
nary  notice  of  the  late  Prof.  Chauvenet. 

Mr.  Cope  reported  that  Mr.  McNeil  was  prosecuting  his  re- 
searches in  Panama,  and  had  sent  home  fossils,  showing 
among  other  things,  that  the  back  bone  or  water  shed  of  the 
Isthmus  was  an  ancient  coral  reef,  many  of  the  corals  being 
in  an  excellently  well  preserved  condition. 

THE  PORT  KENNEDY  BONE  CAVERN. 

Prof.  Cope  announced  the  discovery  of  a  bone  cave  by  Mr.  Charles  M. 
"Wheatley,  in  the  Calciferous  limestone,  at  a  point  about  25  miles  N.  W. 
of  Philadelphia. 

There  had  been  obtained  numerous  remains  of  plants,  and  insects,  with 
about  thirty  species  of  vertebrata. 

These  consisted  of  Reptiles,  Birds  and  Mammals.  The  first  were  ser- 
pents, and  tortoises  of  several  species,  mostly  harmless.  The  birds  in- 
cluded a  turkey  and  snipe.  The  mammalian  remains  were  most  numer- 
ous, embracing  various  forms. 

There  were  Rodentiay  of  American  types,  as  Hesperomys,  Fiber,  etc.  ; 
also  Sciurus,  Lepus,  etc. 

There  were  Ruminants,  several  tapirs,  and  a  small  horse.  Two  cami- 
voxes  of  large  size,  one  a  cat,  the  other  a  bear,  Ursus  pristinua  of  Lcidy, 
of  a  remarkable  tyi^,  and  entirely  distinct  from  the  cave  bear,  or  living 
si)ecies  of  Europe  and  America.  Remains  of  several  Sloths  were  discov- 
ered, which  were  mostly  of  gigantic  size.  These  were  referable  to  at 
least  three  species,  one  Megalonyx  wlieatleyi  was  new,  and  two  Mylodons, 
one  of  them  probably  also  new  to  science.  With  them  occurred  the  teeth 
and  tusks  of  the  Trilophodon  ohioticus  (Mastodon).  This  animal  had  pro- 
bably fallen  in,  as  the  cave  was  rather  a  fissure  at  the  point  examined. 

The  bones  were  not  gnawed.  The  fissure  was  40  feet  deep,  15  feet  in 
width,  and  of  unknoAvn  length.  Above  the  cave  deposit,  it  was  filled 
with  wash  from  neighboring  hills  of  Triassic  age. 
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Mr.  Lesley  desired  to  place  on  record  the  recent  exposure  of  a  bed  ot 
solid  brown  hematite  iron  ore,  at  the  upper  limit  of  No.  II,  Lower  Silu- 
rian Limestone  Formation,  in  Leathercracker  Cove,  Morrison's  Cove, 
Middle  Pennsylvania,  of  very  unusual  size.  The  bed  is  nearly  vertical 
and  72  feet  thick,  where  cut  across  by  a  water  drift.  No  such  deposit 
has  been  before  discovered  at  this  horizon,  in  a  situation  favorable  for 
exact  measurement. 

Pending  nominations  669,  670  were  read,  and  the  reading 
of  the  ]ist  of  members  was  postponed,  and  the  Society  was 
adjourned. 


Stated  Meeting^  February  17,  1871. 

Present,  ten  members. 

Mr.  Fraley,  Vice  President,  in  the  Chair. 

Mr.  Carey  accepted  by  letter,  the  appointment  to  prepare 
an  obituary  notice  of  Mr.  Col  well. 

Letters  of  acknowledgment  were  received  from  the  New 
York,  New  Jersey,  and  Georgia  Uistorical  Societies  (85); 
Cincinnati  Observatory  (So);  Smithsonian  Institution  (84  and 
XIV.  2),  and  Rcichenbach  N.  H.  Society  (78,  79,  80). 

Donations  for  the  Library  were  received  from  the  Royal 
Academy  and  Observatory  at  Turin,  Levant  Herald  at  Con- 
stantinople, London  Nature,  Philadelphia  Journal  of  Phar- 
macy, Medical  News,  McCalla  &  Stavely,  the  Librarian  of 
Congress,  and  the  Wisconsin  State  Historical  Society. 

No.  85  of  the  Proceedings,  just  published,  was  laid  on  the 
table. 

The  death  of  John  F.  James,  a  member  of  the  Society,  at 
Philadelphia,  Feb^y  5,  was  announced  by  the  Secretary. 

Mr.  Lesley  asked  for  information  respecting  the  alleged  dis- 
covery of  a  hewn  cave  and  crypt  with  hieroglyphics,  skele- 
tons, vases,  &c.,  lately  made  by  a  railroad  engineering  party 
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in  Iowa;  and  connected  it  witli  Baron  Burck's  account  of  the 
traditions  he  found  araonc^  the  Aztecs,  of  the  migration  of 
that  race  or  tribe  from  the  Northeast  or  Upper  Mississippi 
and  Missouri  countrv. 

Mr.  Coxe  described  a  localitv  at  Baker's  Uiin,  on  the  West 
Branch  of  the  Susquehanna,  where  the  great  freshets  of  1863 
uncovered  ancient  hearths  and  numerous  large  vases,  all  of 
which  were  soon  broken  and  scattered  bv  the  curious. 

The  minutes  of  the  hist  meeting  of  the  Board  of  officers 
were  read. 

Dr.  Emerson  introduced  the  subject  of  Lunar  Influence,  or 
supposed  influence,  upon  the  conditions  of  wet  or  dry  weather. 

On  Lunar  Influence   upon   (he   Conditio ut  of   Wrt  or  Dry    Weathfr^ 

by  Dr.  Emerson. 

(Re^id  before  th^  AtMricin  Philosophical  Society,  February  17,  1871.) 

That  the  moon  exerts  such  an  intiuehce,  he  said,  is  a  very  old  opinion, 
widely  spread  at  the  present  day,  and  even  maintained  by  many  distin- 
guished philosophers.  A  great  deal  of  attention  has  been  devoted  to 
tabulating  atmospheric  observations  in  relation  to  the  conditions  of  the 
weather  at  the  (quarterly  changes  of  the  moon.  The  results  of  such  labo- 
rious investigations  have,  however,  not  been  found  to  agi'ee,  some  reports 
seeming  to  favor  the  existence  of  lunar  influence  in  producing  wet  and 
dry  weather,  and  others,  to  sliow  that  no  such  influences  are  exerted  by 
the  moon  upon  the  hygrometric  conditions  of  our  atmosphere.  Among 
the  many  who  have  engaged  in  investigating  this  subject  I  will  only  re- 
fer to  the  celebrated  Italian  phUosopher  Toaldo,  whose  observations  were 
extended  through  a  period  of  forty-five  years,  and  to  Pilgram,  whose  ob- 
servations were  extended  through  a  period  of  fifty-two  years.  For  some 
reason  which  I  shall  not  attempt  to  explain  or  examine,  the  conclusions 
of  these  indefatigable  observers  and  inquirers  irere  the  very  opposite  of 
each  other. 

The  circumstance  which  has  perhaps  contributed  most  to  strengthen 
the  belief  in  lunar  influence  upon  the  weather,  is  the  well  known  agency 
exerted  by  the  satelite  upon  the  ocean  and  atmosphere,  in  the  production 
of  tides  and  barometrical  fluctuations.  Both  of  these  phenomena  are  at- 
tributable to  the  force  ot  gravitation,  acting  between  the  earth  and  moon, 
and  giving  rise  to  ocean  and  atmospheric  waves. 

The  atmosphere  surrounding  our  earth  consists  :  first,  of  a  mixture  of 
permanently  elastic  gases ;  and  secondly,  of  a  changeable  atmosphere  of 
watery  vajpor,  depending  for  its  suspension  entirely  upon  heat.     This 
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theory  of  an  inde]>endent  atmosphere  of  vapor  owing  its  suspension  to 
heat  alone,  was  established  by  Dalton,  and  is  as  incontestible  as  the 
tlieory  of  gravitation  establislied  by  Newton. 

When  watery  vapor  suspended  in  the  air  loses  the  amount  of  heat  ne- 
cessary for  its  suspension,  or,  in  other  words,  when  the  temperature  js 
reduced  to  the  '* Dew-point,"  vapor  is  immediately  condensed  into  mist, 
dew,  clouds  and  rain.  Now  thei-e  is  good  reason  to  believe  that  the  moon 
exerts  no  appreciable  influence,  directly  or  indirectly,  upon  the  tempera- 
ture of  our  atmosphere. 

Some  who  have  attempted  to  investigate  this  point  by  using  reflectors 
and  very  delicate  thermometers,  have  been  led  to  the  absurd  conclusion 
that  the  moon's  rays  emitted  cold.  The  marked  depression  observed  in 
the  thermometers  exposed  to  the  lunar  rays,  was  in  no  wise  produced  by 
these,  but  by  radiation  of  heat  from  the  instruments  into  a  clear  sky. 

In  many  parts  of  the  surface  of  our  globe,  extensive  regions  exist  in 
which  it  seldom  or  never  rains,  as  in  Lower  Egypt.  But  in  .such  places 
the  atmosphere  is  very  dry,  and  no  local  causes  exist,  such  as  mountains 
or  hills,  to  interfere  with  the  i-egular  currents  of  the  atmosphere  and 
favor  the  mixture  of  strata  of  different  temperatures.  Consequently, 
rain  rarely  falls. 

In  other  regions,  in  the  Tropics,  for  exami)le,  there  are  extensive  spaces 
in  mid-ocean  embi-acing  many  thou^nds  of  s<iuare  miles,  where  the  tem- 
peratures of  the  sea  and  atmosphere  remain  constantly  within  one  or  two 
degrees  of  each  other,  with  the  atmosphere  of  vapor  close  upon  the 
**  Dew-point."'  Here,  if  anywhere,  the  moon  might  be  expected  to  pro- 
duce changes  in  the  hygrometric  conditions  of  the  atmo.sphere.  But  for 
months  continued,  there  is  no  rain  or  other  proof  of  lunar  influence  upon 
the  weather.  It  is  only  in  the  extra-tropical  latitudes  where  many  other 
active  agencies  exist  to  disturb  the  equilibrium  of  atmospheric  tempera- 
ture, tliat  the  advocates  of  lunar  influence  assume  to  find  evidence  in  fa- 
vor of  their  views. 

The  power  exercised  by  ilie  moon  upon  bodies  of  water  and  penuaneut 
elastic  gases  on  the  surface  of  our  planet,  is  solely  derived  from  the  law 
of  gravitation^  which  exercises  no  influence,  direct  or  indirect,  in  suspend- 
ing or  condensing  vapor,  or  controlling  the  conditions  of  weather  as  to 
wet  or  dry.  These  conditions  are  brought  about  solely  through  changes 
of  temperature,  during  the  operations  of  which  the  moon  remains  a  silent 
spectator,  taking  no  active  part,  so  far  as  the  condensation  of  vapor  is 
concerned. 

Pending  nominations  GG9,  670  were  read. 

On  motion  of  Mr.  Winsor,  the  Library  Committee  were  in- 
structed to  report  upon  the  subject  of  completing  and  pub- 
lishing the  Catalogue  of  the  Society's  books  and  pamphlets. 

And  the  meeting  was  adjourned. 


Dec.  2»  1870.  ]  ^  •  *  ( Pepper. 

A  CASE 

OF  UNIVERSAL  HYPEROSTOSIS,  ASSOCIATED  WITH  OSTEO- 
POROSIS, WITH  A  DESCRIPTION  OF  THE  SPECIMENS,  by 
J.  EwiNG  Mears,  M.  D.,  W.  W.  Keen,  M.  D.,  Harrison  Allen, 
M.  D.,  and  William  Pepper,  M.  D. 

(Bead  before  ih^  American  rhilosophkal  Society,  Dec.  2,   1870.) 

The  undcrsi<]fiied.  to  whom  were  referred  the  above  specimens,  presented 
by  a  friend  to  Dr.  J.  Ewing  Meai*s,  have  carefully  examined  them,  and 
have  prepared  the  following  Report : — 

In  the  investigation  of  the  subject,  we  have  propartnl  as  full  a  history 
of  the  case  as  could  be  obtained,  a  detailed  account  of  the  genei*al  ana- 
tomical characters  of  the  disease,  and  of  the  peculiarities  of  each  individ- 
ual bone,  as  well  as  of  the  microscopic  appearances,  have  consulted  the 
works  and  periodicals  in  various  languages  accessible  in  this  city,  and 
have  examined  all  the  sjHJcimens  contained  in  the  ^luseums  of  the  Col- 
lege of  Physicians,  Academy  of  Natural  Sciences,  University  of  Pennsyl- 
vania, Jeficrson  Medical  College,  and  also  the  hospital  and  private  collec- 
tions in  the  citv. 

W'e  have  nowhere  found  specimens  of  this  disease,  or  descriptions  of 
such,  at  all  e<iualling  in  extent  and  severity  these  here  described. 

The  only  similar  case,  though  far  less  in  degree  and  extent  (skeleton 
imperfect),  is  found  in  Virchow's  Archives,  Vol.  4:i,  1808,  p.  470,  plate 
No.  12,  although  we  have  met  with  specimens  and  descriptions  of  skulls 
and  bones  which  aftbrd  evidences  of  a  limited  development  of  the  same 
disease. 

Of  the  pathology  of  the  disease,  as  well  as  of  the  anatomical  appear- 
ances (116),  we  have  found  the  best  descriptions  in  Lobstein,  Traitc 
d'anatomie  pathologique,  Tom.  II,  p.  116 ;  Boyer,  Sur  Ics  Maladies, 
Chirurgicales,  Tom.  Ill,  p.  571  ;  Paget,  Surg.  Path.  Eng.  Ed.,  pp.  301-2, 
and  fig.  40  ;  Stanley  on  the  Bones ;  S.  Solly,  Med.-Ghir.  Trans.,  Vol.  27  ; 
Forster  Handbuch  der  Path.  Anat.,  Bd.  I,  S.  249-52,  and  Bd.  II,  S. 
850-4 ;  R.  Volkmann,  in  Pitha  und  Billroth's  Ilandb.  der  Chirurgie,  Bd. 
II,.  S.  249-58;  Oeffinger,  Virchow's  Archiv,  Bd.  4:^,  S.  470;  Haubner, 
Canstatt's  Jahresbericht,  1854,  Bd.  27,  S.  23-4 ;  Virchow,  Die  Krankhaf- 
ten  Geschwiilste,  Bd.  II,  Vorlesung  XVII. 

HISTORY  OF  THE  CASE. 

Fully  recognizing  the  importance  the  history  of  the  case  has  in  the  dis- 
cussion of  the  Etiology  and  Pathology  of  the  disease,  we  regret  our  inabil- 
ity to  add  any  Information  to  the  statement  given  at  the  time  of  the 
presentation  of  the  specimens,  which  is  as  follows : — 

A.  M.  aet,  14,  native  of  England — occupation  farm  boy — came  from 
England  to  this  country  when  very  young — father  died  in  November, 
1862,  of  Phthisis,  aged  57 — mother  died  in  1867,  cause  of  death  not  as- 
certained— has  one  brother  and  one  sister,  both  young  and  healtliy.  In 
September,  1866,  while  engaged  at  work  on  the  farm,  noticed  swelling 
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beginning  in  the  face,  and  also,  that  in  stooping,  fuce  felt  puckered  and 
wrinkled,  while  the  o£fort  to  i*egain  the  erect  position  gave  intense  pain 
along  the  entire  spinal  column.  Subsequently  the  fore-arms  became  sore 
and  swollen,  was  placed  under  treatment,  which  was  of  such  decided 
benefit  that  he  thought  himself  entirely  well,  and  in  March,  1867,  re- 
sumed his  farm  duties ;  about  two  months  later  the  symptoms  returned 
in  an  aggravated  degree,  the  feet  and  then,  in  succession,  the  legs  and 
thighs  becoming  enlarged  and  very  painful ;  under  the  influence  of  con- 
stant bandaging  the  swelling  diminished ;  his  appetite  became  impaired, 
and  he  died  from  exhaustion  Feb'y  8th,  1868.  The  treatment  adopted 
was  mostly  of  a  tonic  character. 

DESCRIPTION  OF  THE  SPECIMEN 
(See  Plates  I.  and  II.) 

I.    WHAT  BONES  ARE  WANTING. 

We  have  the  entire  skeleton  except  the  following  bones  : 

Vert<5bne — 5th  and  7th  cervical. 

1st  and  10th  dorsal. 

lid  lumbar. 

2d  and  4th  sacral. 

all  the  coccygeal. 
Sternum,  gladiolus  and  ensifonii. 
Hyoid  hone. 
Right  Patella. 

Hands,  all  wanting  save  the  right  scaphoid. 
Feet,  all  wanting  save  left  calcis. 

Five  metacarpal  and  metatarsal  bones  and  eight  phalanges  are  pre- 
served, but,  except  the  two  metatarsals  of  the  great  toe,  they  can  scarcely 
be  designated,  they  are  so  greatly  defonned. 

II.    TIIEIU  CONDITION. 

Unfortunately,  by  the  prolonged  boiling  to  which  they  were  sub- 
jected before  coming  into  our  possession,  the  bones  have  lost  proba- 
bly all  their  animal  matter,  and  are  now  almost  as  friable  as  if  they  had 
been  burned.  By  removing  the  marrow,  also,  this  has  rendered  the 
pathology  of  the  disease  much  less  clear  and  the  microscopic  examin- 
ation  much  less  valuable  than  it  would  otherwise  have  been.  Moreover, 
it  has  removed  probably  all  the  gelatine,  so  that  the  chemical  examina- 
tion and  the  specific  gravity  would  be  worthless.  Even  the  weights  are, 
by  reason  of  this  misfortune,  only  of  slight  value.  All  the  epiphyses  too, 
except  the  coracoid  process  of  the  scapula,  are  separated  from  the  shafts  or 
bodies,  and  in  some  bones  even  integral  parts  are  separated,  e,  g.  the  sii- 
crum  is  divided  into  its  component  vertebrae  and  the  innominate  bone 
into  two  pieces.  Many  of  the  epiphyses  are  preserved,  as  will  be  indi- 
cated in  describing  each  bone.  The  epiphyses  have  attached  to  them  in 
many  places  the  dried  gelatinous  articular  cartilages  of  a  transparent 
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brown  color,  and  when  an  epiphysis  has  been  incompletely  ossified,  the 
cartilaginous  portion  presents  itself  as  a  similar  dried  gelatinous  mass. 
The  ends  of  the  shafts  of  the  long  bones  are  very  ragged  also,  the  can- 
cellated substance  being  exposed  a«ul  more  or  less  broken. 

III.    WEIGHTS   AND   MEASUHEMENTS. 

In  order  to  have  some  relative  standanl  of  weight,  we  have  also 
weighed  the  bones  of  a  girl  of  about  seventeen.  But,  it  must  bo 
observed,  that  all  these  but  the  scapula  (which  wanted  the  acromion  epi- 
physis) were  weighed  with  all  the  epiphyses.  These  healthy  bones 
were  rather  slender,  but  were  also  longer  than  the  diseaseil  bones  (the 
diseased  and  healthy  femurs  being  lU  and  16  inches  respectively,  ex- 
cluding the  lower  epiphyses*. 

DUea^ed  Bomh.  Ihalthy  Botu*. 

Femur  -  without  lower  epiphysis  8oz.  Do  with  all  epiphyses*  S  oz.  3i  drms. 

Tibia    {     "  '*  *        )  •'>^ '*  Ho  "  "  "i  **  IJ 

Humerus  V with  all  epiphyses!      :)_>**  Po  •  *  2  *'  :U 

Radius  (without  epiphyses  I         U  '*  Do  "  *  0 

Ulna  (without  lower  epiphysis''  2    •*  Do  *•  *'  (i;^      ** 

Clavicle  !     **    inner  **        •    }  ** 

Scapula  (    "    all  epiphyses 

except  coracoid)  1    *' 

Fibula  (without  both  epiphyses*  U  ••  Do  **  **  TJ 


i* 


The  following  are  the  measurements  in  ciroumfei*ence  of  the  bones,  the 
same  healthy  skeleton  as  before  l>eing  used  for  comparison. 


Dhea^ed  Botie». 

Hfalthy 

Bones. 

Femur  'middle  , 

5    in. 

2i 

in. 

Tibia 

^  1 

2i 

at  tubercle), 

r.i  '• 

4i 

Humerus  (middle), 

H  - 

o 

(above  condyles:, 

."»   '* 

•H 

I^dius  (middled 

HA   '• 

^ 

(lower  fourth  , 

41   - 

n 

Ulna        (     *'     and  middle. 

:vv  ;• 

H 

(.just  below  corocoid). 

H  - 

1^ 

Fibula  (lower  fourth  \ 

H  " 

1;! 

Clavicle  (acromial  exti-emitv^ 

2^ 

The  following  are  the  diameters.  In  general  the  original  limits  of  the 
bone  were  pretty  easily  distinguished.  The  extenial  line  of  demarcation 
in  the  femur  and  the  posterior  in  the  tibia  are  so  indistinct  that  the  diam- 
eters of  the  original  bones  are  not  wholly  reliable.  All  the  diameters  are 
derived  from  longitudinal  sections  by  a  circular  saw,  and  they  are  all  at 
the  middle  unless  otherwise  sUited. 
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Or 

iginal  Bone, 

Diseased  Bo?^. 

Addition 
hy  Disease, 

Femur, 

1    in. 

1^  in. 

i  in. 

Tibia, 

1     *•       . 

1     U      t( 

1Z 

Humerus, 

n    it 

A 

IJ- 

5" 

Radius  (middle). 

1 -f 

lA'* 

S" 

(upper  third). 

i" 

v 

8 

(lower  third ), 

1 

u- 

i' 

Ulna  (middle), 

1    ** 

(at  coronoid). 

r>  it 

ir* 

i" 

(lower  third), 

8 

1    ** 

5" 

Metacarpal  (great  toe\ 

i" 

iJ" 

Phalanx                *' 

l.T 

\r' 

i" 

Clavicle, 

'1  ii 

8 

Fibula  (upper  <k  lower  th 

irds 

7  liT 

-1 

7     t< 

Ilium  (  1  in.  above  acetabu- 

- 

lum), 

<i     Ik 
1  -J 

7     iC 

H 

T<r 

IV.  Geneual  Description. 

The  bones  which  have  suffered  the  most  are  the  clavicle,  humerus,  ra- 
dius, ulna,  femur,  tibia,  fibula,  metacarpals,  or-tarsals  and  phalanges  of 
both  hand  and  foot.  These  ai-e  diseased  in  almost  the  entii-e  length  of 
their  shafts.  The  radius  and  ulna  have  suffered  rather  more  than  any  of 
the  other  bones  just  named.  All  the  other  bones  of  the  trunk  have  suf- 
fered to  some  extent,  those  of  the  skull  but  very  little  or  not  at  all. 

Comparing  the  upper  and  the  lower  extremities,  there  is  no  appreciable 
difference  in  the  violence  of  the  disease. 

« 

Comparing  the  two  sides  externally,  not  only  is  there  no  difference  in 
the  extent  and  character  of  the  disease,  but  there  is  the  most  remarkable 
symmetry  of  the  con*esponding,  diseased  bones,  which  maybe  traced  even 
to  details.  (Figs.  9  and  10.)  The  disease  begins  and  ends  on  both  sides 
at  corresponding  points,  it  changes  in  character  from  simple  porosity 
to  the  growth  of  osteophytes  at  corresponding  points ;  if  on  one  side 
the  posterior  part  of  the  bone  is  most  diseased,  the  same  is  true  of 
the  other  side ;  if  the  osteophyte  gi'owth  is  continuous  or  interrupted 
on  one  bone  (fibula  Fig.  18)  it  is  so  on  the  opposite  one;  if  one  is 
unusually  diseased  at  a  tendinous  or  aponeurotic  insertion,  so  is  its 
mate  ;  if  a  groove  or  a  variation  in  color  exist  on  the  one  side,  the  same 
will  be  found  on  the  other  side ;  even  of  single  marked  spicula)  of  bone 
the  same  may  be  said  ;  so  that  a  description  of  one  side  will  answer  for 
both,  minute  differences  being  noted  as  they  occur. 

The  main  violence  of  the  disease  is  expended  on  the  shafts  of  the  long 
bones.  The  epii)hyses,  of  which  the  most  important  i-emain,  e.  g.  those 
of  the  femur,  tibia,  luimerus,  Ac. ,  show  we  may  almost  say  no  disease.  The 
lower  epiphysis  of  the  femur  is  slightly  i>orous  in  the  usually  compact 
layer  of  the  articular  surface,  but  so  fine  is  the  porosity  and  so  slight  the 
disease  that  it  would  not  bo  obsorvoil  save  on  a  most  careful  examination. 
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"Tbo  other  epipliysov  show  oct-iwioiiiilly  slill  ftli);htcr  dixease.  Ii)duMl  H  iB 
a  qneslioii  whctlier  IbU  be  not  the  rcauJt  of  tlie  prnlonged  lK>iUog.  Tliu 
bones  of  Uie  truak  uro  but  little  affected  exoept  tlie  Bternum.  wliinh  niiiftt 
linve  aulT«r««l  severely,  tlie  mnnubriiim  being  vety  porouK  niid  much 
iUtck«itcil.    The  bones  of  the  head  aru  soarcclf  at  oU  tiSected. 

Tbo  poiiil  of  grentest  devolopnicitt  of  the  discaBe  varies  with  it«  char- 
acter. 1  ,  Thi<  thickeiiiug  ia  ntoat  developed  in  the  middle  of  the  shafts, 
and  liei-c  genemlly  the  suleroais  is  furtlieBt  ndvanced.  (Figs.  8,  4,  5,  SI.) 
^-.  Thv  i>oroHily  is  not  notioaably  greater  in  any  pnrticiilnr  parts  of  the 
Bhofts.  but  sceiOB  externally  to  be  equally  diffused.  3- .  The  osteopl)yte8 
rollov  a  niiirheil  htir  in  their  dcTclnpment.  They  are  most  developed 
where  the  miiMle;.  aiiouearosea.  fast-iae,  Ac.,  are  attached,  e.  g.  the 
Hnca  fupera,  intorossous  ridges  of  the  tibia  nnd  fibula,  rad^ls  and  ulna. 
Ilw  iniwrtiun  of  the  deltoid.  bioepB  and  brachialiB  nnticiis,  the  condyloid 
ridges  of  the  humerus.  Diit  it  is  tkot  nlwnys  tnie  conversely,  that 
where  a  large  ninsule  is  attached  there  mnitt  be  a  large  osteophyte 
growth,  r.  g.  there  ai'e  none  nt  the  origins  of  the  pc«taralis  major 
and  «tenii>-ma>itoid,  the  supi'a-  nxd  liifra-Hpiuatus,  the  ioEertiou  of  the 
((undratns  fuiuoriA,  &c.  Oiiv  class  of  exceptions  is,  however,  to  Ij« 
noted,  t'j£  :  that  Ht  tlie  altachnii>nt  of  those  muscles  and  ligamenta  tlint 
An:  cuiinoeted  to  ciMpbysei,  thera  is  geoerally  uo  diseiwe,  e.  g.  the  inuscu- 
bu'  itttn<<hnientn  to  the  greater  and  lesser  ti'oiihantei'K,  the  grontcr  and 
bMer  luberoBttte&.  tubercle  of  the  tibia,  the  tuber  isdiii  and  nearly  all 
ihn  tiganieiits.  The  epiphyses  and  tlieir  attached  parts  arc  very  nearly 
all  quite  free  from  disease,  though  it  may  be  largi^ly  devek>pc<l  in  their 
im  media  tv  ueighborliuo<i. 

Tlic  diroiTtion  of  thir  nutritious  artei'y  seems  tu  have  had  iiu  iuliuuncv 
uD  the  dfvelupmeiit  uf  the  diEeaso  either  in  \t»  extent  or  degree. 

The  ponuity  vai-ies  iii  itscharncler,  and  usiudly  any  one  bone  will  show 
all  Ita  Tarii'tien.  1  -.  The  surface  of  the  bone  presents  a  very  lino  cribri- 
fiinn  Kpiiearanoe,  rcsrmbUiig  |)umloe  atone.  Wlien  uiagnilied  six  or  eiglit 
liraRH  Ihia  is  i«en  to  consint  ef  a  stout  uetwork  of  bone  perforated  by  no- 
merouH  avail  foramina,  whjdi  arc  generally  tolerably  circular,  and  do  not 
craitmunicale  mio  with  another.  (Fig,  24.)  2'.  It  may  be  of  a  Uner  vel- 
vety a]ipoarauc«.  This  by  the  some  power  is  seen  to  eunsist  of  the  same 
mrtivnrk  of  bune,  nliuse  very  large  foruminn  or  mealies  now  communi- 
rMo  and  ara  therefore  very  irregular  in  form,  nhile  the  ridges  forming 
the  iHiny  Dut-work  are  very  thin  and  form  relatively  high  walls  between 
Ibe  tuljaceni  meshes.  Sometimes  thoMi  ridges  assume  a  tolerably  regu- 
lar pnnUlelisnt.  giving  » it rintetl  api>eiiruuce  to  tlie  part.  &':  A  coarser 
a(>|«arance  \»  ofinn  produced  by  a  siuillar  honey-cumbiug  witli  large 
fummiua  or  meshes,  ilecp  and  irregular,  varying  in  size  from  a  hoi'se-hair 
t»  a  liun  in  diameter  wiUi  tho  llmt  or  second  variety  existing  in  the  intcr- 
ivning  ridges,  kt^  lower  end  of  liumerus.  Fig.  1.)  4  .  The  surface  is 
'oftt-n  piorued  mure  or  less  sparsely  by  siiiall  foramina  about  the  sice  of  a 

iphytts  viuy  ^icatlj  itUo  \n  llicir  riiaiin'ter.     In  skipo  llicy 
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are  either  pointed,  flat,  or  clubbed,  Ressile  or  pedunculated.  They  fre- 
quently form  larger  or  smaller  scales,  which  cover  more  or  less  of  the 
bone.  They  vary  from  the  smallest  size  visible  up  to  J  inch  in  length  or 
A  inch  square.  They  are  often  compound,  smaller  ones  growing  from 
larger  ones  as  a  base.  Imbrication  is  not  unusually  a  marked  featui-e, 
and  whether  imbricated  or  not,  their  direction  or  **  trend"  almost  always 
follows  that  of  the  fibres  attached  at  that  point.  This  is  very  marked 
where  adjacent  muscles  run  in  different  directions,  e.  g.  the  flexor  attach- 
ments of  the  radius  and  ulna  as  contrasted  with  that  of  the  pronater 
quadratus.  (Figs.  11  and  15.)  The  grooves  between  the  osteophytes 
have  sometimes  rolling  edges,  sometimes  ai-e  as  sharp  as  if  cut  with  a 
knife,  and  often  lie  closely  together  and  parallel ;  they  are  apparently 
made  in  many  cases  by  the  numerous  small  vessels.  All  of  tlie  osteo- 
phytes are  more  or  less  porous. 

The  color  is  usually  normal,  but  in  some  j»laces  is  of  varying  shades  of 
brown. 

On  a  section  the  whc»le  bone  is  seen  to  be  encased  with  a  new  formation 
of  bone.  This  is  true  not  only  of  the  long  bones  but  also  of  the  scapulae 
and  ossa  innominata.  Viewing  these  bones  and  also  many  parts  of  the 
shafts  of  the  long  bones  on  the  surface,  one  would  suppose  he  had  simply 
to  do  with  the  original  thickened  bone  which  had  undergone  this  porous 
change.  But  a  section  shows  tliat  there  is  a  complete  new  formation 
which  is  added  layer  after  layer  around  the  old  bone.  These  layers  (except- 
ing where  sclerosis  has  taken  place)  are  separated  by  interspaces  sometimes 
just  appreciable  to  the  eye,  sometimes  a  quarter  of  an  inch  wide.  (Fig.17). 
The  outer  layer  is  often  very  thin,  but  presents  to  the  eye  that  deceptive 
appearance  of  apparent  compact  tissue  which  has  simply  become  porous. 
Where  sclerosis  has  taken  place  or  osteophytes  are  developed,  of  course 
the  thicjcness  of  the  outer  layer  is  either  greatly  increased  or  else  unde- 
terminable. The  other  layers  also  vary  in  thickness  from  the  develop- 
ment of  the  sclerosis  from  the  thinnest  possible  to  one  or  two  lines. 
**  These  layers  may  sometimes  be  traced  into  continuity  with  those  form- 
ing the  healthy  portion  of  the  wall"  *  of  the  original  bone,  especially  at  the 
extremities  of  the  shaft.  (Fig.  4.)  At  these  points,  starting  from  the  ori- 
ginal compact  tissue,  the  several  layers  of  the  encasing  new  formation  grad- 
ually become  more  and  more  widely  separated  or  new  layers  may  appear, 
thus  producing  a  very  great  thickening  at  the  centre,  while  at  the  ends  of 
the  shaft  the  thickening  gradually  (sometimes  suddenly)  diminishes.  The 
interspaces  between  the  layers  are  sometimes  for  even  an  inch  wholly 
void,  but  they  are  generally  filled  with  intei-vening  trabeculse  of  bone, 
which  form  a  cancellated  tissue  and  also  support  the  superimposed  layer 
to  which  they  are  always  perpendicular.  To  a  very  large  extent  these 
layers  have  been  welded  together  by  sclerosis,  and  sometimes  the  new 
growth  and  the  original  bone  present  no  line  of  demarcation  by  which 
they  can  be  distinguished.  Where  this  solidification  has  taken  place,  tJie 
cut  8urfi\ce  instead  of  the  uniform  ivory-like  solidity  of  normal  compact 

*  Paget.  Surp.  Putli.  Epk'.  K<1.  INC.  p.  :m-'2,  and  fit.'-  ^t». 


1»<70.]  -'^  [Peppor. 

tissue  presents  a  granular  appearance,  as  if  the  cancelli  of  the  interspaces 
were  not  solidly  filled  up.  The  process  of  sclerosis  not  infrequently  dips 
down  like  a  cone  whose  base  is  of  considerable  extent  at  the  surface  of 
the  new  growth  and  whose  apex  just  touches,  or  is  sometimes  welded  with 
the  original  compact  tissue.  (Fig.  21.)  Eburnation  has  nowhei-e  taken 
place. 

The  original  bone,  too,  has  undergone  marked  changes.  Its  limits  are 
generally  pretty  well  detined,  but  the  comi)act  tissue  of  which  its  wall 
once  consisted,  is  now  cancellated,  to  a  greater  or  less  degi*ee  K>steo-spon- 
giosis).  Sometimes  all  apj)earanco  of  compact  tissue,  save  a  mere  worm- 
eaten  porous  external  film,  has  disappeai*ed.  Sometimes  no  cancellation 
appears,  but  the  old  and  new  growths  are  welded  together.  The  cancelli 
of  the  once  compact  tissue  of  the  old  bone  always  run  parullel  with  the 
aii$  of  the  bone,  and  are  thus  easily  distinguished  from  those  of  the  spaces 
between  the  laminae  of  the  new  growth  which  run  at  right  angles  to  the 
surface  of  the  bone.  (Figs.  4  and  17.)  The  old  cancellated  tissue  has 
often  very  large  cancelli  and  in  some  cases  has  disap))eared,  leaving  a 
wider  medullary  canal  than  is  normal. 

The  epiphyses  do  not  appear  materially  altered  on  section. 

y.  Desckiptiox  of  Individual  Bones. 

1.  Head. — All  the  bonos  of  the  head  are  present,  completely  disarticu- 
lated. The  spheno-occipital  suture  was  not  ossified.  No  sections  were 
made  of  these  bones,  and  the  external  a])pearances  alone  are  described. 

(a)  Frontal.  The  roof  of  the  orbit,  especially  in  the  fossffe  for  the 
lachrymal  glands,  is  somewhat  porous.  Internally  the  porosity  appears 
over  various  parts  of  the  perpendicular  portion.  The  irregular  striated 
appearance  from  large  numbers  of  fine  grooves  is  marked,  and  sclerosis 
seems  to  have  made  considerable  progress. 

(b)  Parietal.  Externally  slightly  porous  at  the  posterior  border ;  in- 
ternally also  over,  say  one-fifth  of  the  surface,  corresponding  to  the 
protubei*ance. 

(c)  Occipital.  Externally  small  scattered  patches  of  porosity ;  inter- 
nally the  same  change  is  limited  to  the  superior  fossae  and  the  groove  for 
the  left  lateral  sinus. 

(d)  Sphenoid.  Porosity  of  external  surface  of  greater  wings,  and  also 
in  most  of  the  i)terygoid  plates,  which  are  somewhat  thickened. 

(e)  Temporal.  Slightly  porous  and  thickened  externally  on  squamous 
portion,  and  in  the  glenoid  cavity  and  in  the  grooves  for  both  lateral 
sinuses. 

(f )  Sup.  Max.  Slightly  porous  on  anterior  surface,  and  at  tlie  tuber- 
osity. The  alveoli  are  reticulated  so  as  to  resemble  almost  the  meshes  of 
the  pulmonary  structure. 

(g)  Palate.  Internally,  slight  porosity  at  the  junction  of  the  perpen- 
dicular and  horizontal  portions. 

(h)  Inf.  3Iax.  Ascending  ramus  markedly  thickened,  and  porous  in- 
ternally and  externally ;  most  developed  at  the  centre  of  the  ramus  ; 
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body  similarly  affected,  principally  between  the  mental  foramen  and  the 
external  oblique  line.  Alveoli  like  those  of  the  upper  jaw.  This  bone 
has  suffered  more  than  any  other  bone  of  the  skull. 

Condition  of  Teeth, — The  teeth  were  all  present,  and  were  carefully  ex- 
amined. They  were  very  brittle,  so  as  to  break  across  with  little  difficulty 
^see  Micros,  Bx,)j  but  presented  no  peculiarity  of  shape.  The  entire  ab- 
sence of  the  peculiar  deformity  of  the  incisors,  noted  by  Hutchinson,  of 
London,  as  characteristic  of  hei*editary  syphilis,  is  to  be  csi>ecially  marked 
as  it  beare  upon  the  question  of  causation  of  the  morbid  process. 

2.  Vertebrcp. — The  epiphysal  plates  of  the  bodies,  and  the  epiphyses  of 
the  ti*ans verse  and  spinous  processes,  are  all  gone.  In  the  dorsal  region 
the  gi'oove  between  the  three  original  parts  in  which  the  ossification  takes 
place,  is  very  deep,  but  they  are  all  united  more  or  less.  This  groove 
gradually  disappears  both  above  and  below,  none  of  the  remaining  cervi- 
•cal  vertebrae  showing  it,  while  iuferiorily  it  is  visible  as  far  as  the  first 
«acral.  On  section  the  body  is  not  much  thickened,  and  no  line  of  de- 
marcation exists.     No  sclerosis  has  taken  place. 

(a)  Cervical.  Scarcely  noticeable  porosity  of  the  anterior  surface  of 
body.     Posterior  arch  of  atlas  is  unusually  thick  and  dense. 

(b)  Dorsal.  Marked  porosity  of  external  surface  of  body,  which  is 
elevated  above  the  surface  left  by  the  removal  of  the  slightly  overlapping 
epiphysal  plates,  about  one-half  a  line  to  a  line.  Spinous  processes 
•slightly  porous. 

(c)  Lumbar  and  Sacral.  Same  as  dorsal ;  the  porosity  of  spinous  pi-o- 
cesses  being  more  marked. 

3.  Sternum  and  Bibs. — (a)  The  manubi'ium  only  is  present,  and  is  very 
thick  and  porous.     No  osteophytes. 

(b)  The  ribs  have  lost  all  their  epiphyses.  They  are  not  affected  on  the 
•external  surfiice,  save  slightly  in  one  or  two  instances.  On  the  pleural 
surface  they  are  all  porous,  and  often  a  little  thickened.  For  about  one 
inch  from  the  head  the  entire  bone  is  thickened  and  porous. 

4.  Upper  Ejrtremiiie.8. — (a)  Clavicle.  The  sternal  epiphysis  is  wanting. 
Where  the  surface  for  the  articulation  with  the  acromion  should  be,  there 
is  on  each  side  an  oval  cup-like  depression  J  x  J  in.  and  ^  in.  deep.  (Fig. 
13.)  Its  walls  ai*e  perpendicular,  its  floor  flat,  and  both  are  covered  with 
a  thin  layer  of  compact  tissue  resembling  that  which  covers  all  the  ends  of 
the  diaphyses  of  the  other  bones  next  the  epiphysal  cartilage.  It  was  filled, 
when  first  seen,  with  a  small  mass  of  dried  tissue  resembling  the  epiphysal 
cartilage  already  described.  Possibly  it  may  have  been  an  unusual  third 
centre  of  ossification  for  this  bone.  It  was  occupied,  certainly,  by  some 
substance  separate  from  the  shaft  of  the  clavicle,  either  a  thiixi  centre  of 
ossification,  or  a  projecting  piece  of  the  acromion.  If  the  former,  it  is  a 
very  unusual  place  for  a  supernumerary  epiphysis. 

The  whole  bone  is  thickened  to  about  twice  its  normal  width,  and  its 
surface  is  coarsely  porous  throughout.  At  the  insertion  of  the  ligaments 
•on  the  under  surface,  the  porosity  is  quite  fine  and  velvety.  At  the  inner 
half  of  the  origin  of  the  deltoid  there  are  twelve  to  twenty  stout  and  well 
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developed  osteopliytes.  A  few  also  exist  at  the  middle  of  the  insertion  of 
the  trapezius.  The  section  shows  the  original  bone  distinct  from  the 
new  growth  at  all  points.  The  laminae  of  the  new  growth  are  very  dis- 
tinct at  most  points.  A  large  part  of  those  of  the  under  surface  are  more 
or  less  closely  united  by  partial  sclerosis.  Tlie  original  bony  tissue  is 
relatively  but  little  altered. 

(b)  Scapula.  The  coracoid  i)roce8s  is  one-third  united  to  the  bone,  but 
wants  the  epiphysis  developed  on  it  at  about  seventeen  years  of  age.  All 
the  other  epiphyses  are  absent. 

The  bone  is  porous  throughout,  save  at  the  centre  of  the  infra-spinous 
fossa ;  generally  of  the  coarse  variety,  but  very  fine  in  certain  spots.  The 
whole  bone  is  somewhat  thickened,  as  can  be  seen  without  any  section, 
at  its  posterior  border  and  on  the  spine.  (Fig.  23,)  The  latter  being  to  a 
great  extent  denuded  of  the  outermost  compact,  yet  porous  layer  of  the 
new  growth,  shows  the  reticulated  trabecular  which  supported  it,  and 
through  their  meshes  the  old  external  compact  layer  of  the  original  bone 
now  all  worm  eaten  and  very  thin.  This  is  especially  well  seen  at  the  two 
extremities  of  the  spine.  The  axillary  border  of  the  bone  is  three  or  four 
times  as  thick  as  is  normal,  has  a  few  coarse  osteophytes,  and  a  very  deep 
and  wide  groove  for  the  dorsal  is  scapula3  artery. 

(c)  Humerus.  All  the  epiphyses  are  preserved  except  that  of  the  in- 
ternal condyle.  The  trochlear  surface  projects  only  to  a  level  with  the 
radial. 

The  whole  shaft  (Figs.  1  and  2)  is  involved  in  the  disease,  the  least 
at  the  upper  fourth,  the  other  three-fourths  being  about  alike.  The 
porosity  is  almost  wholly  very  fine  or  velvety.  About  two  inches  below 
the  head,  at  the  insertion  of  the  Pect.  maj.,  the  anterior  bicipital  ridge  is 
greatly  thickened  (especially  on  the  right  side).  It  is  continuous  with  a 
very  large  elevated  surface  (2  >  H  in.)  at  the  insertion  of  the  deltoid.  This 
is  covered  with  a  large  mass  of  not  very  largo  porous  osteophytes  whose 
trend  is  generally  upwards.  One  (r.  side)  or  two  (left)  large  tiat  imbricated 
osteophytes  mark  the  posterior  lip  of  the  bicipital  groove.  At  the  musculo- 
spiral  groove,  which  is  well  marked,  the  bone  is  finely  porous,  but  presents 
no  osteophytes.  At  the  lower  third,  anteriorly,  the  bone  presents  numer- 
ous osteophytes,  sometimes  snigle,  but  generally  in  groups.  They  are 
sessile,  porous,  and  in  some  cases  imbricated  ;  their  trend  is  generally 
downwards,  excci)t  just  above  the  epiphysis,  where  they  are  at  right 
angles  to  the  bone.  The  two  condyloid  ridges,  especially  the  inner,  are 
greatly  diseased.  The  external  ridge  (especially  on  the  right  side)  lias 
several  large  porous  sessile  outgrowths  with  intervening  grooves,  the 
largest  groove  about  corresponding  in  position  to  the  anastomotica  magna 
artery.  The  internal  ridge  up  to  the  insertion  of  the  coraco-brachialis  is 
covei-ed  with  large  knobby  and  porous,  imbricated  osteophytes,  continu- 
ous with  a  similar  remarkable  growth  on  the  posterior  surface  of  the  bone, 
covering  the  origin  of  the  internal  head  of  the  triceps,  which  extends  to 
the  musculo-spiral  groove  above,  and  fades  into  simple  porosity  exter- 
nally.    At  the  origin  of  the  external  head  of  the  triceps,  there  is*  also  a 
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marked  elevation  covered  with  pointed  osteophytes,  and  continuous  with 
that  of  the  deltoid  insertion.  The  trend  of  all  these  osteophytes  is  down- 
wards, and  their  color  (especially  on  the  right  side)  is  a  light  brown. 

The  section  (Figs.  8  and  4)  shows  the  outline  of  the  old  bone  obliterated 
in  the  lower  third,  and  only  faintly  visible  in  the  upper  two-thirds  ante- 
riorly. In  the  posterior  upper  two-thiixJs  the  laminsB  of  the  new  growth 
are  admirably  shown,  though  even  here  the  sclerosis  is  in  some  parts  far 
advanced.  The  original  compact  wall  in  the  superior  one-third,  anterior, 
ily,  and  two-thirds  posteriorly,  has  almost  disappeared,  the  cancellation 
(spongiosis)  is  so  great,  and  it  is  a  typical  illustration  of  this  process  in 
various  stages.  The  original  cancellated  structure  is  either  fragmentary, 
its  cancelli  being  very  large,  or  else  it  has  entirely  vanished,  leaving  an 
enlarged  medullary  canal. 

(d)  Radius  (Figs.  9,  10  and  11.)  All  the  epiphyses  are  gone,  save  the 
left  upper  one.  Instead  of  being  rounded  externally,  and  showing  a  sharp 
interosseous  ndge  internally,  it  is  almost  cylindrical,  increasing  in  diame- 
ter from  above  downwards.  At  the  bicipital  tubercle  there  is  a  crest  of 
curved  osteophytes  under  which,  as  in  a  cave,  the  tendon  of  the  biceps  was 
inserted.  The  oblique  line  is  marked  by  a  series  of  knobby,  porous,  slightly 
imbricated  osteophytes,  whose  trend  is  downwards  and  inwards  till  they 
reach  the  insertion  of  the  pronator  teres,  where  their  size  increases,  and 
their  trend  is  upwards  and  outwards.  The  interosseous  border  is  rounded 
off  and  marked  by  a  series  of  deeply  imbricated  laminated  osteophytes,  all 
trending  downwai-ds,  resembling  a  rounded  surface  deeply  grooved  by  ob- 
lique parallel  cuts  of  a  thin  saw.  Where  the  pronater  quadratus  was  at- 
tached, a  large  number  of  osteophytes  exist  in  ridges,  which  run  lat- 
terally.  All  the  i-est  of  the  bone  is  thickened  and  porous,  and  where 
the  muscles  took  origin,  is  covered  with  porous  osteophytes. 

In  section  (Fig.  8)  the  outlines  of  the  original  bone  are  visible  through- 
out ;  the  laminte  of  the  new  growth  are  marked  ;  the  sclorosis  is  in  various 
stages,  and  anteriorly  for  some  two  inches  the  new  and  old  growths  are 
almost  wielded  together.  The  old  compact  tissue  is  wholly  changed  to 
spongy,  and  the  medullary  canal  is  increased  in  size. 

(e)  Ulna  (Figs.  14  and  15.)  The  lower  epiyhyses  are  absent.  Like  the 
radius,  the  ulna  is  involved  in  its  whole  length,  and  is  about  twice  its  nor- 
mal diameter.  At  the  insertion  of  the  brachialis  anticus,  a  cui>-like 
depression  surrounded  by  an  elevated  ridge  of  osteoj)hytes,  exists, 
somewhat  similar  to  that  on  the  bicipital  tubercle  of  tlie  radius. 
The  anterior  surface  is  covered  with  small  porous  osteophytes,  with 
a  slight  downward  imbrication.  At  the  attachment  of  the  pronater 
(juadratus  they  become  more  marked  in  their  development,  and  the 
imbrication  is  external.  The  iuterossecus  ridge  is  rounded  off  and 
marked,  as  in  the  radius,  but  with  several  unusually  large  and  deeply 
imbricated  osteophytes  with  a  deep  groove,  probably  that  of  the  inter- 
osseous artery.  Externally  a  brown  discoloration  is  seen,  which  is 
the  most  noticeable  on  the  right  side.     Posteriorly  the  bone  is  coarsely 
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tha  jnnctian  ^  llie  upper  and  iniddlo  tlilrd^  the  now  aud  old  growOa 
uvslnott  aielted  lo^Ibcr  both  imlvriortf  and  piMWriori.v.  Ttii^  intor- 
■(«n  bettreen  llw  oidltono  and  ilie  firal  new  Jamtna  ifBches  om^fourtli 
atiM  inch  in  witlth  jiut  Iwtuwllieulvcrauiiui,  aiidUi«di5tini-tion  between 
tlM  per|«tHlicular  tmbccube  tilling  it  np,  and  tin?  lungitudinal  c«nocUi  «ft 
till)  OfK«  comioct  liMiue  uf  tlie  old  bone  ia  very  niarknl.  The  mmluUaTjr 
flunl  is  ftCitrcvlj.  if  at  alU  eiitarged.  and,  indeed,  at  the  point  of  grcaktoit 
«  abovi-  naiiHMl,  tiie  ■uime  ihihtvim  aecniit  to  Itarc  tniaded  Ibc  i^nal 

•nr  Ejlrtmilie:—<tj  louomiuate  buiies.  Tbc  ilium  is  ■0|im«1«<I 
w  Uchinm  and  pubes,  which  ate  firmly  and  iadintinguishalilf  unitoil 
It  their  rami,  but  at  the  aoelabnium  are  distJM-t.  The  V-bbaped 
ing  them  is  preserved,  andi«  loose  on  both  sides.  Ail  tlie other 
«  ktv  ndtwing,  The  bones  nre  porous  Ihroiighont  hut  not  to  a 
d  dcffTTc.  Tbu  thicltcnitig  varies  from  i  to  '  of  an  inch,  beint; 
tt  JD*t  above  the  acetaliulura.  (.'n  the  isrliiuni  and  pubes  no  ostoo- 
■  one  small  lamtnn  on  the  Ixuly  of  the  rij{ht  pubes.  The 
i»  tne  from  Iheni  exiwpt  above  tlie  acelahulnm  fi>r  a  eonsidernl^ 
«pHC«.  on  »nd  around  Ibe  rrllccted  origin  of  the  rectus,  wiiciv  Urge  and 
•trnn;;  •ut^ophytvx  eihit,  with  a  tr«nd  inwards  and  u|iwanl.<i. 

On  wplion  of  ll;e  ilium-  (Fig.  1'2|  Ilae  external  surfaces,  ttliich  other- 
*t9v  would  1>«  Ibouubt  to  be  Ibe  porous  BurClc«  of  the  original  bouc,  am 
•n-n  to  bo  the  onter  layer  uf  tho  new  growth.  The  original  coroiMtct  tis- 
MM  has  uuilergone  spougicwLa  to  a  grent  evK'nt.  i?cler(HiU  is  furthest  ad- 
iraoDcd  just  above  the  acetitbitlum. 

ihl  Pemnt  tFigs.  6  and  li.  All  the  epiphyM^s  are  eepurated.  Both 
haftda  and  gtnat  tnwhanlers  and  the  left  lower  epi|>liysis  ate  |M-cserved. 
Tbo  latter  sliows  souie  very  slight  porosity,  as  already  noUoed. 

Anteriorly  the  inter-trochnntcrio  line  ia  marked  by  a  well  developed 
jrrvwtli  of  short,  thick,  rather  acnniinate  osteophytes,  separated  by 
i;n>aTca  running  in  tlie  a«is  of  the  neck.  A  similar  line  of  more  slender 
Inilirlraled  o*l«opU;tes  runa  parallel  to  the  base  of  the  great  trochantrr 
and  trends  towanl  it.  These  two  lines  form  the  letter  A.  Immediately 
wlrfaln  tliis  Intter  A  'PHpocially  on  the  left  side)  the  trend  of  all  the  osteo- 
f-Iiylen  turns  8har)<ly  dowowanls  and  so  oontinues  to  the  lower  j  of  the 
Unie,  where  they  m*  perpcndienlar.  They  are  not  very  marked  in  tlieir 
duTelopmcnt.  Just  above  tbe  end  of  the  nbaft,  however,  they  form  an 
oterbppins sheath  to  the  buiie.  In  tlie  middle  of  the  right  femur  an 
*  flj  ''  I  inclnj*!  oxixts  In  the  «usheatlng  new   j;n>»tli,  diwbwinp 
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to  view  the  onginal  bnt  altered  bone.  Posteriorly  the  osteophyte  grow  th 
extends  from  half  an  inch  below  the  lesser  trochanter  to  within  2J  inches 
of  the  end  of  the  shaft,  and  the  same  sheath-like  appearance  is  very  no- 
ticeable at  its  two  extremities.  Where  not  covei*ed  with  osteophytes,  the 
shaft  is  very  finely  porous  and  thickened.  All  the  central  two-thirds  of  the 
shaft  is  one  vast  mass  of  large,  irregular,  ix)rous  osteophytes.  Their  di- 
rection is  not  constant,  ^ut  is  in  general  downwards,  and  their  shapes  are 
very  varied.  The  mass  extends  for  al>o«t  eight  inches,  along  what  was  the 
tolerably  sharp  linea  aspera,  but  is  now  about  J  in.  wide  and  about  |  inch 
thick.  The  posterior  inter-trochanteric  line  and  great  trochanter  are  not 
affected,  except  a  slight  porosity  in  the  former.  The  lesser  trochanter  is 
wanting,  bnt  for  ^  in.  around  it  there  is  no  disease  beyoml  some  porosity 
save  one  squamous  osteophyte  on  the  right  side. 

On  section  (Fig.  5)  in  the  axis  of  the  head  and  great  trochanter  the  out- 
line of  the  old  l)one  is  not  to  be  made  out  save  internally,  and  then  only 
imperfectly.  The  old  and  new  growths  are  almost  everywhei-o  indistin- 
guishably  welded  together.  Tlie  laminaj  of  the  new  growth,  too,  ai*e 
welded  together  save  at  a  very  few  points.  The  old  compact  wall  is  still 
solid,  but  it  looks  granular  and  does  not  present  the  ivory-like  solidity  of 
normal  compact  tissue.  The  medullary  canal  is  somewhat  enlarged  at 
the  expense  of  its  walls.  At  the  lower  extremity  the  trabecuhe  of  the  can- 
cellated substance  are  normal,  but  in  the  head  and  neck  the  arches  for 
mechanical  support  are  much  less  distinctly  marked  than  is  usual. 

(c)  Patella.  The  right  patella  is  missing.  The  anterior  surface  of  the 
left  shows  a  few  osteophytes  trending  downwards. 

(d)  Tibia.  Both  the  upper  epiphyses  are  preserved.  The  whole  bone 
is  greatly  diseased  and  thickened  to  about  twice  its  usual  diameter.  The 
tubercle  is  slightly  thickened  and  presents  a  ragged  edge  above  for 
articulation  with  the  epiphyses,  but  the  greater  part  of  the  tubercle  being 
developed  from  the  epiphyses  the  disease  is  not  very  marked.  The  crest 
is  rounded  in  its  whole  length  and  porous.  The  internal  sub-cutaneous 
surface  presents  marked  swelling  and  porosity.  There  is  blit  little  oste- 
ophyte growth,  and  it  is  generally  in  the  lamina;  except  at  the  sai*torius 
insertion,  where  it  is  more  developed.  A  number  of  deep  grooves  exist, 
generally  longitudinal  in  their  direction  and  most  marked  at  the  upper 
third.  The  posterior  and  external  surfaces  are  covered  with  a  w^arty 
growth  of  porous  osteophytes  whicU  attain  their  greatest  development 
at  the  interosseous  boi*der  and  especially  at  the  obli<iue  line.  The  gen- 
eral trend  of  all  this  growth  is  downwards.  Grooves  for  the  vessels  are 
frequent  and  tolerably  deep. 

On  section  (antero-posterior)  the  outline  of  the  old  bone  is  distinct  at 
the  extremities,  but  in  the  central  two-thirds  it  is  barely  visible  in  front 
and  wholly  lost  behind,  the  sclerosis  at  this  part  having  welded  together 
all  the  lamina*  of  the  new  growth  and  the  original  bone.  Even  at  the  ex- 
tremities the  new  lamime  are  not  very  marked.  The  rarefaction  of  the 
original  compact  substance  is  of  course  therefore  not  marked.  The  me- 
dullary canal  if  at  all  altered  is  narrowed  by  the  encroaching  sclerosis. 
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(c  Fibula  (Fig.  18;.  Its  shaft  alone  is  prt'served,  and  its  axis  is- 
slightly  bent  inwards.  The  whole  bone  is  encased  in  a  newly  formed  os- 
seous growth  which  is  sometimes  simply  porous,  and  is  covered  with 
sometimes  an  internipted,  sometimes  a  continuous,  growth  of  warty 
osteophytes,  all  more  or  less  porous.  Posteriorly  and  internally  this 
growth  is  most  developed,  the  trend  being  downwards.  The  lower  sub- 
cutaneous surface  is  greatly  thickened  and  finely  porous,  but  has  no  os- 
teophytes. 

On  section  the  bone  is  doubled  in  its  diameter,  the  outline  of  the 
original  bone  being  only  visible  in  about  one-half  of  its  extent,  the  scle- 
rosis obscuring  it  at  other  points.  The  original  compact  tissue  is  i*are- 
fied  by  spongiosis,  and  the  medullary  canal  is  somewhat  widened. 

(f)  Hand  and  Foot.  They  are  considered  together,  as  some  of  tlie 
bones  are  indistinguishable,  and  moreover,  in  general  the  same  descrip- 
tion applies  to  both. 

(1.)  Right  scaphoid  of  hand.     Not  diseased. 

(2.)  Left  caleis.  Porous  and  enlarged  throughout.  Porous  osteophytes 
are  seen  at  the  attachments  of  the  tendinous  sheaths  internally,  and  one 
large  flat  one  on  the  inferior  surface.  The  epiphysis  for  the  attachment 
of  the  tendo  achillis  is  preserved,  but  shows  no  disease. 

(3.)  Metacarpus,  metatarsus  and  phalanges.  Two  of  the  phalanges 
have  their  epiphyses  attached  but  not  united  by  ossification.  The  epi- 
physes are  not  diseased.  No  other  epiphyses  are  preser\-ed.  All  these 
bones  suflfer  by  far  to  the  greatest  extent  in  the  centre,  not  at  all  at  the 
head  (viewed  externally),  and  but  little  at  the  base,  and  the  new  growth 
is  five  or  six  times  as  thick  on  the  dorsum  as  on  the  opposite  surface.  No 
osteophytes  exist  save  on  one  of  the  metatarsal  bones  and  at  the  ndges 
for  the  flexor  sheaths  of  three  of  the  phalanges. 

On  section  (Fig.  21),  compare  also  Fig.  22,  the  outlines  of  the  old  bones 
are  very  readily  seen,  the  apex  of  the  conical  sclerosis  having,  at  points, 
just  touched  the  surface  of  the  old  bone.  The  original  wall  of  compact 
tissue  is  wholly  rarefied  by  spongiosis,  and  the  cancelli  of  the  new  and  old 
bone  are  readily  distinguished  by  the  diflferent  directions  of  their  axes. 
The  normal  compact  wall  of  the  phalanges  being  very  thick  relatively, 
the  changes  in  it  ai-e  the  mora  marked.  Sclerosis  has  invaded  from 
half  to  two-thirds  of  the  new  growth.  The  head  of  the  bone  is  .ilso 
markedly  rarefied  by  spongiosis. 

MICROSCOPIC  EXAMINATION. 

The  si>ecimens  from  which  the  following  description  and  wootl-euts 
were  made,  were  prepared  with  his  well  kno>vn  skill  by  Dr.  J.  II.  McQuil- 
len.  They  consisted  of  a  transverse  section  through  the  thickened  wall  of 
a  phalanx,  embracing  the  thickness  of  the  layers  superimposed  by  the  pe- 
riosteum, but  not  of  the  entire  original  compact  layer  of  the  bone,  and  of 
a  transverse  section  through  the  right  canine  tooth. 
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The  scution  ur  (lie  iihalnnx  i  Vig.  A ,  i>KliibiU.'<I  it  iiiilic  compuct  u 
struetui* — tlie   navei-sian   canftls    being   for  llie  moat   pari   round,   Hud 
mtlier  anmU,  tbougU  in  some  pLiciM  tliey  were  irregulntly  slmpcd  or  oval, 

and  larj^Pr.     the  intcivoning  l>uiie  lamelW  w^ie  uf  unusual  tliickiipHS, 


atul  iiresculcd  in  the  lusjgrity  of  tenses,  biniu  oorpuni'les  Willi  caDklicult. 
In  some  case»,  however,  no  bono  porimecloH  were  present,  mid  tbo  UmaUn- 
upi>eared  to  be  merely  caluiSed  by  satiirBtiun  wilb  bone  suits. 

TheboiiBcofpnsclcswopesmiill  anij  olten  indistinct;  in  some  plaoeathej 
wuro  unusually  round,  lint  in  others  tliey  pi-OMnted  the  Doi-uial  elongated 
abape;  their  ranaliculi  wera  hivariikltly  very  poorly  duvclopcd,  nnd  often 
i-ould  not  Ve  discovrreil. 

Willi  ivgard  to  llie  mode  of  mraugt'iuvnt  ot  tlie  bone  lumulhe,  tliey 
were  nlwaya  developed  concentrifvtlly  with  (|ioni1lol  to  the  wnlls  of;  the 
Ilnversinn  cauals,  and  in  nu  iiiBtitm^o  were  any  lamelUt.-  found  whew  di- 
nTli"'i  wns  ]inrnllel  to  tlie  cxtciniil  vurfaco  nf  tlie  rtmft. 


Tli»  soinicn  of  ihe  tootli  (Fig,  U)  Bliowed  the  oiisteuce  of  n 
t-egulnrly  eliapod,  branchiug  Iocuiub  in  tho  deutino  near  tlie  marginal 
layer  of  enamel.     These  spactB  were  of  various  sizes  anil  interccpteil  tliu 
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n  vuryin;;  uunilwr  of  dontnl  tuliuli.  Tbey  indieatod  uuquestion- 
nbly  either  an  ai'reet  of  the  iiroccKs  of  calciQcation  of  tbo  dentine,  or  of 
the  nsorption  of  caloaraous  mntter  already  deposited,  conditions  which  are 
«1m>  prcRcnt  in  the  tme  bony  tisane-  They  are  identical  with  the  EO>cnlled 
iaUrntobular  tpaet*  lirst  dencrlbed  \ty  Kiilliker  nnd  carofnlly  studied  by 
Dr.  MnQuillen  of  this  city,  who  has  puhlislied  (Dental  Cosmon,  N.  S,  Vol. 
VIII,  No. !!,  PC-  113,1  several  excellent  il lustrations  of  tlicni. 

PATHOLOGY  OF  THE  DISEASE. 

ILivIos  thus  described  tho  grusa  and  miuuto  fentnrcB  of  tlicso  bo>Kf. 
we  would  haxiird  tlie  following  i-emarka  in  lejjard  to  Uie  naturu  und  cbiisc 
oftbe  patholc^icnl  process  :— 

In  tbu  first  plitoe  it  is  to  ho  observed  that  thive  Hepamte  )>roco8scB,  or 
at  least  throe  distinct  stages 'if  the  same  process,  are  ropresonted  in  dif. 
■Vent  purta  of  the  skolcUiu,  or  even,  iu  some  instances,  in  single  h'>nr>,. 
TtiCM  stages  are  : 

First.  Intcnml  Osteoporosis  of  tlie  original  osseous  tissue.  3U.  Kx- 
tvm&l  ITyperosto^a,  due  to  successive  attaeks  uf  Periostitis,  both  of 
wlikh  proeossea  are  present  in  varyinj;  proportion  in  almost  nil  tlio  l>iincs, 
aiift  3d.  Secondary  Induration. 
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I.  It  is  etipeciall;  in  regard  to  tlie  explaiiatioTi  of  tUe  internal  osleopo- 
taais,  which  constitutes  so  marked  a  feature  of  these  specimens,  that  we 
regret  the  absencti  of  any  careful  exanunatiou  of  the  bones  in  their  recent 
L-ondition.  In  their  present  slate,  it  is  only  possible  to  describe  tlie  de- 
gree to  whicL  this  rarefaction  of  the  osseous  tissue  has  occurred,  but  it  is 
eviilent  tliat  such  changes  might  be  produced  by  very  varied  alterations 
of  the  medulla  and  bone  corpuscles.  Thus,  among  the  recoguiKed  causes 
of  osteoporosis,  may  be  mentioned  syphihs,  scrofiila,  rheumatism  ;  and. 
in  addition,  we  must  add  that  bobb  osteomalacia  and  simple  ostitis  pro- 
duce changes  in  the  bonos  whioli,  after  tbe  spceimen  has  been  boiled,  and 
the  organic  matter  entirely  removed,  are  not  to  be  distingushed  from  the 
cfloots  of  the  first  mentioned  discmses.  In  each  case,  iindc^r  tbe  action  of 
the  moibid  in-itant,  whether  purely  extemalaud  local,  or  internal  and  c< 
stitutional,  tliere  is  more  or  less  rapid  proliferation  of  the  essential  vital 
elements  of  the  osseous  tissue,  called  bone  uorpuseles  or  cells.  Atthesa 
time,  the  bony  laniime  surrounding  the  Ilaversian  canals,  and  the  walls 
ef  the  lacunie,  are  progressively  deprived  of  their  calcareous  salts  and 
removed,  while  the  enlarged  spaces  thus  produced  are  Ailed  by  the  ci 
Etantly  growing  cellular  elements.  The  manner  in  which  tliis  removal  of 
the  calcareous  salts  is  effected  has  been,  and  indeed  remains,  a  sutgect  of 
much  discussion.  The  Hrst  idea  which  seems  tti  have  been  entertained  may 
bo  inferred  from  the  name,  eccentric  atrophy,  which  was  given  to  many 
specimens  of  osteoporosis,  under  the  belief  that  the  bony  lameUw  were 
tliinncd  and  pushed  asunder  by  the  centrifugal  pressure  of  tlie  growing 
medulla.  There  is,  however,  wo  evidence  whatever  in  favor  of  such  a 
mechanical  explanation,  and  this  hypotliesis  has  justly  been  almost  uni- 
vursally  abandoned. 

By  far  the  most  plansihie  explanatum  which  baa  lioen  advanced  appoaK  ' 
to  be  that  tlie  removal  uf  Die  calcareous  salts,  the  first  essential  step  in 
the  destruction  of  tbe  bony  lainelbe,  is  due  to  the  solvent  action  of  so 
itcid  elaborated  by  the  bone  cells  during  the  inflammatory  process,  Ae- 
cording  to  Wclfer,  their  removal  is  not  duo  to  tbe  direct  action  of  any 
acid,  but  is  owing  to  a  gradual  conversion  of  the  insoluble  iri-batie  phoa- 
pbate  of  Umc  into  tlio  mure  soluble  bi.ba$iti  salt. 

\b  this  feature  of  rarefaction  is,  however,  common  to  so  many  diseasea 
of  the  bones,  it  is  evident  that  the  most  charaeteristio  results  of  such  dis- 
coMS  are  to  In:  rather  found  in  the  condition  of  the  bone  colls,  and  in  the 
cliamctATs  of  the  morbid  product  wliich  has  resulted  from  their  multipU- 
cution.  And  it  is  to  be  trusted,  tliat  by  uaraful  cliemical  and  microscopi' 
(.'al  study  pftliesc,  such  peculiarities  wvU  be  discovered  a«  will  enable  us 
to  distinguish  with  certainty  in  recent  bones  the  various  morbid  changes. 

Heretofore  tlie  majority  of  observers  have  limited  themselves  either  to 
a  description  of  the  dried  bone,  after  maceration  or  boiling,  ur  at  most, 
of  the  general  cliaroctore  of  tbe  medulla  with  which  its  cancelli  are  tilled. 

And  It  result*  from  this  siiperllcial  niodi^  of  study,  that  tbon'  is  iLs  yet  but 
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little  lixaci.  knnvrlcd)^  or  tba  raally  esseDtial  c]i:inges  wliivli  tlic  organic, 
kctive  jtortiuDs  of  boncM  undergo  in  disease. 

Virchow,  who  Wiw  amoti};  tlie  first  lo  examine  inici-oscopioally  the  con- 
dition ortho  bone  ooiU  in  (wtiti))  and  some  olbor  ilisoasea  attended  witli 
lareractiun  of  tlio  Iwne  tissue,  (Uber  pnrenchymntC'se  Kntziindung ; 
VircboVs  AroLiv.  BA.  IV.  lift.  3:  1839,  b.  e.  801  to  311,)  formerly 
ngni'dci]  tile  prooeas  as  ewKntially  it  degcnenitivo  one?,  due  to  the  fnttjr 
ilegGnei'ation  of  the  bone  (iur]nuotes  niiil  tlic  xiiliseijiient  softening  and 
ramovnl  nf  tlie  area  ilepending  on  tlieitB  cells.  We  bnve  alr<:ady,  how- 
ever, stated  thu  view  whicii  appears  most  plunsikle  in  i«gard  to  the  re- 
moral  of  the  otloikreoua  salts,  and  so  far  from  fatty  degeneration  of  tbe 
boue  oorpuaules  beiug  u  constant  feature  in  tbe  different  forms  of  OKteo- 
poroais,  it  would  apiiear  from  the  careful  lusoarches  of  Itanvier  (Archives 
il'  AnaU  et  Pbys.,  Norm,  et  Path.,  No.  I,  1808,  pagoOOi,  tliattbis condition 
tit  tbe  celk  li  altogether  cbaracterislic  of  caries  and  limited  to  that  morbid 
prooeM.  tJii  the  otlier  hand,  there  is  every  i-enaon  to  presume  tliat  these 
cells  ore  indiicnced  hy  various  moi-bid  causes,  (inllammation,  Ryphilis, 
rheumatism,  (;out,  scrofula,  d:c,]  in  Uie  same  way  ns  tbe  other  tissues  of 
tbe  body,  and  give  rise  to  products  more  or  less  cliarauteristic  of  the  dia- 
esaed  action  present. 

Tbe  history  of  the  pre»ent  case  would  appear  to  itidlcalo  that  the  na- 
turu  of  tbe  disease  was  a  rheumatiu  or  scrofulous  inflammation,  but 
beyond  this  mere  supposition  ne  are  prevented  from  advancing  by  tbe 
absence  of  any  cliemical  and  microscopical  exaroinatiou  of  the  recent 

We  would  liere  again  call  attention  to  tbe  marked  peculiarity  of  the 
parotic  bones,  fally  described  at  pages  34  and  25,  and  flgs.  i  and  17,  al- 
tijougli  we  are  unable  to  suggest  any  ]>1auBible  explanation  of  tbe  invaria- 
bly parallel  arrangement  of  tbe  meshes  of  tbe  porotic  bone,  and  of  the 
tH)ually  uniform  vertical  arrangement  of  the  meiilies  of  the  new-formed 
Bub-peri  osteal  layers. 

3.  Another  inipoi-tant  appearance  preiriiut  iu  the  boue  a  hero  dc  scribed, 
and  indeed  one  which  is  as  marked  and  wide^Kpruad  as  tho  osteoporosis. 
It  the  extensive  development  of  bono  upon  the  exterior  of  tbe  original 
dhafla.  In  our  description  of  the  skeleton,  we  have  already  noted  the 
preullarities  of  these  sub-peri  osteal  growths,  and  it  will  be  remembered 
that  they  are  in  every  instance  limited  to  the  body  or  shaft  of  the  bones, 
and  never  extend  ou  to  the  epiphyses,  and  that  they  usually  present  sev- 
eral thin  lamina'  of  imperfectly  compact  boue,  parallel  to  the  shaft  and 
separated  from  It  and  from  each  other  by  more  or  less  wide  interspaces 
usually  occupied  by  coarse  cancellated  tissue. 

It  is  undouklcdiy  from  the  examination  of  such  si>ecLmens  as  this  that 
tlie  mistaken  Idea  ai'ose  that  tlie  lamella-,  of  which  the  original  compact 
■haft  was  forraed,  had  been  pushed  asunder  by  the  great  enlargement  of 
hcanceUi.     It  will,  however,  bo  seen   from  our  description  that  the  ap- 
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pearances  coutradict  any  such  auppositiou,  and  clearly  sliow  tlmt  while 
In  tlie  cnncellated  and  imperfectly  compact  tissue  of  the  original  shaft  a 
pTocesK  of  rai-efactiou  (osteoporosis)  has  been  advancing  by  atrophy  of 
the  bon;  lamellic,  there  bos  also  been  an  active  process  uf  periostitis  re- 
sulting in  the  formation  of  thick  layers  of  new  bone  on  tlie  exterior. 

Auotbor  means  of  dietinguiahing  the  line  of  demarcation  between  the 
original  shafts  and  the  neir-fonned  layers,  is  the  iibriipt  change  in  the 
dirocUon  of  the  cancelli  already  referred  to. 

It  isovident,  also,  that  the  periostitis  has  not  been  uniformly  continuuns, 
but  that  for  a  variable  time  its  intensity  was  sucli  that  the  iuflaininatory 
product  WHS  capable  of  but  imperfect  ossigualion,  and  remained  ascancvl- 
louB  tissue ;  while  at  irregular  intervals  tbiu  layers  of  imperfectly  com- 
pact tissue  have  t)eon  farmed.  Tlic  oeourreaae  of  Uiis  long  otanding,  but 
not  uuifurni  process  of  periostitis  oasiScans  appears  to  account,  iu  every 
instance,  for  tbo  changes  otiserved  on  the  Dxterior  of  the  original  shafts. 
In  addition  to  tbis  uniform  hyperostosifi,  it  will  lie  observed  from  tlie  de- 
scription (lte«  pp.  23,  34)  tliat  the  same  proatss  of  periostitis  has  given  rise 
to  varied  forms  of  porous  osteophytes. 

3.  In  some  places  however,  it  is  evident  that  a  still  further  cliange  lias 
occurred,  consisting  iu  the  gradual  conversion  of  the  cancellous  tissue 
into  compact  bone.  This  process  of  consecutive  or  secondary  induration 
is  most  marked  in  the  layers  of  bone  formed  by  the  jferiosteum ;  thougli 
it  is  present  in  the  shafts  of  the  tibiie,  femora  and  some  other  iMiies.  It 
is  manifestly  impoesiblo  to  determine  accurately  the  portions  wblcli 
liave  been  rendered  compact  by  this  process,  but  the  disposition  of  the 
suucessive  layers  of  neW'formed  boiie  is,  in  general,  so  inucb  like  that 
above  described,  that  wu  ai^  inclined  to  regard  all  the  areas  of  compact 
bone  of  any  oonaideruible  thickness  as  due  to  this  secondary  change. 

It  would,  indeed,  appeal*  but  probable  that  as  the  hi^li  degree  of  inflam- 
mation, under  which  tlie  layer  of  cnucelloas  tixsue  had  been  formed,  sub- 
sided, there  should  bo  a  teudency  to  the  fuitnation  of  successive  layers  of 
bone  on  the  interior  of  the  walla  of  the  cnucelii.  It  is  ttspeclally  in  con- 
nection with  this  point  that  the  result  of  tlio  microscopical  examiuation 
uf  the  sub- periosteal  layci's  is  of  so  much  interesL  It  will  be  oliserved 
(see  Fig.  A)  that  in  the  newly-formed  compact  bony  tissue,  the  lamella- 
an)  arranged  concentrically  around  tlio  vascular  canals ;  a  mwle  of  ar- 
mngcment  whicli  strongly  points  to  the  occurrence  of  the  process  of  coii- 
e  induration,  as  we  havu  alxive  described. 
'  Kpe<-inieua  urc  dupositi'd  in  llie  Museum  of  tlio  College  nf  rhysi- 
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Statc'i  ifeetinfj,  March  3,  1871. 

Present,  five  members. 

Dk.  G.  B.  Wood,  President,  in  the  Chair. 

Donations  for  the  Library  were  received  from  the  .Dorpat 
Observatory,  St.  Gall  Society,  R.  Asylum  for  Lunatics  at 
Perth,  Scotland,  the  London  Royal  Societj',  R.  Geographical 
Society,  Society  of  Arts,  and  Thomas  Irving,  Esq.,  General 
Sabine,  Sir  Charles  Lyell,  the  Royal  Observatory  at  Green- 
wich, Prof.  Mayer  of  Bethlehem,  the  American  Pharmaceutical 
Association,  Franklin  Institute,  Directors  of  City  Trusts,  and 
IT.  S.  Commission  Bureau  for  the  Paris  International  Expo- 
sition for  1867. 

The  Cylinder  presented  by  Dr.  Lowber  was  laid  ou  the 
table,  and  Prof.  Cresson  called  the  attention  of  the  members 
to  it. 

The  death  of  Wm.  J.  Ilamilton,  F.  R.  S.,  member  of  the 
Society,  was  announced  by  Mr.  Chase. 

Prof.  Cope  offered  for  publication  in  the  Proceedings  three 
memoirs,  entitled : 

'*  Supplement  to  the  Extinct  Batrachia  and  Repiilia  ot"  N. 
America;  by  E.  D.  Cope."    (See  Proc.  p.  41.) 

'*  On  two  extinct  forms  of  Physostomi  of  the  Neotropical 
region;  by  E.  D.  Cope,  A.  M."    (See  Proc.  p.  52.) 

"On  the  occurrence  of  fossil  Cobitida?  in  Idaho:  bv  E.  D. 
Cope."     (See  Proc.  p.  55.) 

Also  "Notes  relating  to  tlie  Physical  Geography  and 
Geology  of,  and  the  distribution  of  Terrestrial  Mollusca  in 
certain  of  the  West  Indian  Islands:  bv  Thomas  Bland.'' 

Prof.  Cope  exhibited  specimens  of  teeth  and  portions  of  tlie 
jaw  of  a  new  Mososauroid  ;  also  slabs  of  coal  slate,  containing 
fossils  of  a  new  species  of  batrachian,  and  a  new  reptilian 
genus. 


Chase.]  '^^  [March  3, 

Mr.  Chase  offered  some  additioual  evidence  of  the  contrast 
between  European  and  Anierican  rainfalls ;  and  communicated 
some  American  peculiarities  in  the  relations  of  barometric 
pressure  of  Tvinds  and  storms.     (See  below.) 

Pending  nominations  Nos.  669,  670,  and  new  nomination 
671,  were  read. 

Mr.  Chase  made  a  communication  on  the  subject  of  pro- 
viding suitable  accommodations  for  the  observations  of  the 
Signal  Service  Bureau,  which  was  referred  to  the  Curators 
and  Hall  Committee,  with  power  to  act. 

And  the  meetinj?  was  adjourned. 


European  and  American  Eain-falU. 

By  Pliny  Earle  CnAs^. 

{Read  before  the  American  Philosophical  Society,  March  3,  1871.) 

There  is  still  a  lingering  skepticism  on  the  pai-t  of  some  meteorologists, 
regarding  the  moon^s  influence  on  the  weather,  a  skepticism  which  is 
perhaps  owing  to  the  apparent  want  of  agreement  between  observations 
at  different  places.  There  is,  however,  no  good  reason  for  expecting  such 
accurate  correspondence  as  is  sometimes  deemed  essential.  Dr.  Emerson 
(Proc.  A.  P.  S.,  XI.  518)  has  communicated  to  the  Society  his  early  ob- 
servation upon  the  reversal  of  the  European  barometnc  prognostics  on 
this  side  of  the  Atlantic.  Mr.  Blodget  (Climatology,  pp.  221-237)  has 
pointed  out  various  climatologic  contrasts,  and  Mr.  8cott,  the  Director 
of  the  British  Meteorological  Office,  has  noticed  an  opposition  between 
the  solar  (or  temperature)  rain-falls  in  Western  Europe  and  Eastern 
America,  analogous  to  that  which  I  have  indicated  in  the  lunar  rain-falls. 
The  confirmation  thus  afforded  to  the  results  of  my  previous  investigations, 
strengthens  the  presumption  that,  in  our  Atlantic  States,  signs  of  fair 
weather  may  be  most  confidently  trusted  during  the  ten  days  preceding, 
signs  of  rain  during  the  eight  days  following,  full  moon. 

In  order  to  make  a  comparison  between  stations  of  similar  latitude,  I 
obtained  from  the  *'Observatorio  do  Infante  D.  Luiz,"  a  record  of  the 
quarterly  rains  at  Lisbon  for  sixteen  ycai-s,  which  I  have  embodied,  to- 


1871.) 


39 


(ChOHC. 


:g€ther  with  the  observations  at  PeniMylvania  Hospital  for  the  same  period, 
in  the  following  tables.    The  measurements  are  given  in  millimeti*es. 

I. — QUARTBBLT  RaH^-FALL  AT  LiSBON. 


YEARS. 

WINTER. 

SPRING. 

summer. 

AUTUMN. 

TOTAL. 

1855 

280.3 

272.7 

15.4 

362.5 

930.0 

1856 

513.4 

300.7 

8.5 

90.3 

912.9 

1857 

267,8 

152.2 

67.9 

324.4 

812.8 

1858 

224.2 

113.2 

7.1 

567.6 

912.1 

1859 

128.0 

201.8 

71.6 

306.9 

708.3 

1860 

210.9 

122.4 

89.0 

187.3 

560.2 

1861 

501.5 

154.3 

14.6 

311.4 

981.8 

1862 

364.4 

282.9 

6.6 

176.9 

830.8 

1863 

181.8 

196.6 

64.8 

101.6 

544.7 

1864 

155.3 

282.2 

33.9 

363.5 

834.9 

1865 

371.6 

159.2 

24.4 

487.2 

1042.4 

1866 

214.7 

365.3 

14.6 

82.3 

676.9 

1867 

!97.2 

216.2 

13.0 

172.1 

599.1 

1868 

162.9 

76.9 

38.0 

279.4 

557.2 

1869 

323.2 

158.5 

3.1 

66.0 

550.9 

1870 

305.7 

lll.G 

21.9 

160.3 

599.5 

3fean 

275.2 

197.9 

27.9 

252.5 

753.4 

11. — Quarterly  Rain- 

FALL  AT  Philadelphia. 

YEARS. 

winter. 

SPRING. 

SUMMER. 

AUTUMN. 

TOTAI^ 

1855 

193.0 

169.9 

435.4 

257.8 

1056.1 

1856 

284.5 

211.8 

241.3 

187.5 

925.1 

1857 

184  4 

359.9 

482.6 

133.4 

1160.3 

1858 

264,9 

272.8 

274.1 

227.1 

1038.9 

1859 

376.7 

376.9 

376.4 

371.0 

1501.6 

1860 

240.3 

229.6 

■311.7 

342.0 

1124.5 

1861 

269.8 

362.5 

243.3 

332.0 

1207.0 

1862 

292.6 

254.5 

263.1 

343.9 

1154.1 

1863 

280.7 

442.0 

297.4 

153.4 

1173.5 

1864 

174.8 

448.3 

204.2 

327.0 

1155.3 

1865 

370.1 

374.7 

291.9 

380.3 

1416.9 

1866 

390.4 

247.9 

194.6 

370.9 

1203.8 

1867 

230.1 

370.6 

742.5 

228.1 

1571.3 

1868 

225.3 

401.3 

268.0 

404.0 

1299.2 

1869 

318.5 

296.2 

247.7 

337.8 

1200.2 

1870 

297.7 

404.9 

303.8 

195.8 

1202.2 

Mean 

274.6 

326.5 

823.6 

287.2 

1211.9 

It  appears,  therefore,  that  the  heaviest  rain- falls  at  Lisbon  and  the 
lightest  at  Philadelphia,  are  usually  in  the  Autumn  and  Winter  semester » 
the  heaviest  at  Philadelphia  and  the  lightest  at  Lisbon,  in  the  Spring  and 
'Sammer.  In  ten  years  out  of  the  sixteen,  when  the  rain-fall  of  the  entire 
;year  was  above  the  average  at  one  station,  it  was  below  the  average  at 
iShe  other. 
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AiMrleun  Wtalhrr  X«tf: 
Bv  Pi.isT  Eaklk  CnABK, 

TlRi  bignnl  s«rvicu  wliEehatiuns  of  our  War  Depiirlnieui  baioali'eady 
fiUown  tlio  value  both  of  Bujra  BaHot^s  law  Biid  of  Capt,  Toj-nUee'B  niodi- 
lication  ID  predicting  cliaiiges  of  wind,  especially  if  due  re|;anl  is  paid  ti 
liio  baroraetrio  vnriations  of  tlie  two  prefioua  days.  Tbey  bave  also 
eiiggeated  the  following  eo'^cral  deductions,  some  of  which  may  perhaps 
prove  to  be  true  only  of  tlio  winter,  while  others  seem  to  1«  explicable  by 
iiatiind  eireumatnuces  of  positjoii  and  physical  coidigui'alioii,  whidi  muas 
he  oiMrativo  at  all  ueasons. 

1.  Winds  varying  like  the  land  and  sea  brecies,  are  oncn  traceable. 
CKpeuiallyin  the  lull  whicli  follows  the  passage  of  atomie,  to  dilTerciices  of 
temperature  in  the  neighborhood  of  the  great  Inkcs,  and  of  nmuntaii 
peaks  and  ridges. 

i.  The  wind,  especially  in  the  Bouthern  StatcH,  ofteu  blows  directly  ii 
tlie  line  of  the  greatest  barometric  gradient.  Bub  oven  in  Euch  cases, 
after  a  few  hours  coiiti nuance,  it  leads  towards  the  admuth  indicated  by 
Bnya  Ballot's  law. 

'i.  The  isobaric  lines  ara,  thereftiro,  oltcu  of  Icsk  rolativu  iroportanco 
than  the  gradienta  in  forming  forceiiets. 

4.  Long  lidf^s  of  high  barometer,  aa  oI)scrvcd  by  Espy  and  othera, 
with  adjacent  Irougha  of  low  barouieier,  often  traverse  Ihe  voutineut, 
Bonictimes  with  slight  deficotion,  sometlmea  having  a  Mini-cireularr 
circular,  or  elliptical  curvature  with  a  diameter  of  three  tliou»and  nilea 
or  more.  &uch  ridges  asually  linve  a  atecper  declivity  and  stronger  winda 
on  theii-  northerly  and  easterly  than  on  their  southeily  and  westerly  aides. 

5.  Currents  with  an  a nti-cy clonic  tendency,  coiiliolifd  by  ai-reaaef  bisli 
harometer,  are  notably  common.  HeversalsoCwind.  anfrom  N.  £.  toS.  W., 
are,  therefore,  frequent  after  tho  passage  of  an  autioyclonic  ridge  or 
trc,  as  well  as  after  tlie  paeaage  of  n  cyclone. 

6.  Our  recent  stoi-ms  have  been  anticyelonic,  anj  tliei-e  aeetna  some 
reason  for  supposing  that  anticyclones  are  the  usual  "weatlier-brecders," 
oven  of  such  of  our  land  storms  n  s  hccome  more  or  leiw  cyclonic  after  tbcy 
ar»  fully  developed. 

7.  The  precijiitatiou  of  vapor  of  coui'ae  gives  rise  to  local  eycloDca, 
which,  however,  may  lio  easily  and  speedily  overborne  by  the  gi'auit  anti- 
cyclonic  whirls  of  a  half  million  miles  or  mom  in  area. 

S.  TlicHO  and  otlirr  pccuHaritivs,  point  to  a  jirobublo  oricJn  of  stonn» 
in  the  blending  of  polar  and  etiuatorial  cnrroiita,  nenr  tlio  laiitudoa  at 
which  tlio  general  tendency  of  the  windaehangea  its  direction. 

it.  Mr.  Bcott  has  observed  tliat  when  polar  (K.)  enrrents  are  blowingnt 
'  the  Nortli.  and  e<iaatarinl  (W.)  cuvrenla  at  the  Boutli,  aseriona  batv- 
niotrical  disturbance,  fmiuently  resulting  in  u  gate,  generally  coon  fol- 
lows ;  but  when  the  polar  current  in  at  tlio  South  an<)  iho  einatorial  at 
the  Korth  there  appeara  to  he  nu  biw  of  Bi«}uenco.  The  latter  condition, 
with  ns,  seems  often  Indicative  uf  approaching  Rvir  weather,  especially  ir 
uortlierly  or  easterly  are  aeparat^d  from  southerly  ni  wa«tei'ty  winda  by  a 
ridge  ofliigh  iMrometcr. 
\  10.  If  tho  progress  of  a  northerly  or  eoKtorly  current  towards  the  eijiia- 
lor  is  impeded  by  an  inlerveniuf;  aoutherly  er  westerly  current,  the  dl». 
turbance  not  onlyapccdlly  follows,  its  indicated  by  Mr.  Kuott,  but  it  Is 
also,  commonly,  liku  moat  ebowoi-H,  9.  E.fltuims,  and  otlier marked  ryclonia 
Dcimraotions,  of  briefer  duration  than  those  whivh  ar«  primarily  anti- 
ryi'IiiTiIc. 


Bn  E.  D.  COPB. 
ifna  Philttdphieal  SoeUly.  TSarch  S.  1871.) 
BATRACUIA. 

:riiA  ReMB:f.  Co[h.'. 
w.  A«m1.  Nat.  Sci..  Pliila.  18B8.  i>.  2!T.     n.  .imiManimu;  Cop«s. 
1.  Am.  PliU.  Sac.  IfHJft,  17  in  jMirta. 
A  fino  specimen  or  Uiis  spcr.ics  revontly  soDt  me  hy  Pror.  NenlKTry, 
[Mm  LiDton,  Uhio,  iaclud^s  tbc  vcrteliral  coliiiuu  rroiii  tlie  liind  limbs  to 
Um  end  or  the  cnudnl  sei-ies.    One  of  tli«  former  in  pl'eK^rTed  anil  exhibits 
gits  snd  otber  vUaroctcrE  like  tliose  already  Uettcribed  in  the  8, 
Having  oscertiuned  that  the  Ofilotxphnlitt  amphiuminitt  pOB- 
o  anterior  limbs,  I  regard  nij-  refercum  of  these  gpti'ies  ut  thitt 
t  premature,  and  will  allow  thciii   to    remnin  in  SanropUvra, 
«  I  originally  placed  them. 

OESTOCKPIIM.US   AMI'niUMINCK.   Coj"'. 

M.  Amcr.  Phil.  Soc.  1803,  p.  17;  !.  c.  p.  ii. 
e  bones  formerly  regarded  by  me  as  referable  M  a  rudiiueotftl  fore 
n  tbJB  genus,  appear  to  be  rather  bi-anchtliy^ls.  and  indicate  tlio  ex- 
e  nfestemal  bmnchiic. 


CoLosTEUs  BcuTBLiaxns,  Xewb. 
opUnu  ievUU'Uii»,  Newberry,  Procoed.  Ac  Nat 


,  Phil. 


:>  eraaucalatua,  Trans.  Amer.  PUil.  Soo.  1869.  23. 
«  original  description  of  this  species  by  Proi.  Newberry  vav-  urvr- 
1,  In  prcpnrintc  my  ai^count  of  it  above  (juoted. 
JIOSASAUniDJe. 
'S  sKcToiucs.  Cope,  sp.  nov. 
Patabllslied  on  a  large  pnrtof  the  under  and  upper  jaw,  uiul  oilier  parts 
til  ft  vertebra,  from  the  grwn  sand  of  the  up|ier  bed  of 
IS  of  New  Jersey. 

iter  which  at  once  distinguishes  this  spei'ies   from   other 
t,  iuid  especially  from  all  the  species  ot  Motaimirvii,  is  the  vei7 
scd  form  of  the  crowns  of  the  teeth,  which  approach  uearer  in 
:t  tu  those  ot  J)iploloinodon,  than  any  others  that  I  Lavo  seen. 
^  Tert«brn,  «  liimbnr,  hits  also  subround  articular  fnces,  thus  removing 
■  teom  rloBH  relationship  to  those  with  depressed  vcrtebiic,  of 
t  of  wbidi  the  teeth  arc  iinkuoivn, 

fl  prcaent  speeimcii  citivma  and  pedestals  of  thirteen  teeth  ai«  pre- 
Those  of  the  nmndiblo  are  must  numerous,  and  display  the  Hue- 
]  modiUcAtioii  of  form  fnnn  before  baokwsrds  visible  in  Other 
if  tlie  femily.     The  iinterinr  Iceth  are  less  Ciimpresscil,  ami  have 
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biit  ODe,  nn  anterior,  cuUin^  ^S^i  tliu  pocteHor  fauu  beiii^  roKulnrly 
convex.  TliG  inner  tmx  in  much  mora  convex  than  tlio  outer,  and  thv 
flfttneBN  of  the  latter  is  marked  nt  the  apex  of  the  tooth  by  u  short  ridge 
which  liotiudti  It  pimt«riurly.  Tliis  is  a  Lraoe  of  tlio  bounUiug  angle  which 
extends  to  the  buiH  of  the  orown  in  itetaiaumi.  The  anterior  cutting 
«dgn  is  iu  proMo  cnnvox  ;  the  posterior  outlin<<  (Mmoaro  to  near  the  tip. 
The  cutting  edge  ie  nctite,  and  bcAUtifuIiy  ribbed  on  ea«b  side,  but  not 
properly  denticuUtt-,  The  surface  of  the  tootb  is  not  facetted,  but  Uii' 
outer  face  exhtliits  Uie  poculinrity-  of  a  longitudinal  concavity,  or  sliAllow 
groove  Dxtoiiding  from  tlie  bam  to  the  middle  of  the  crown.  Tbe  enamel 
ia  polished,  but  under  tliu  micrtHcopo  minutely  and  eitenBiv«ly  striftlo 
ridgod.  This  description  is  tnlcen  from  the  second  or  third  from  the 
anterioi'  end  of  iho  maxiUai-y  botic.  The  tbird  from  tlie  distal  end  of  the 
dentary  is  very  aimilfir. 

The  crowns  become  mptdly  more  L-umprcsscd  as  we  pass  baekwards. 
From  a  broad  oral  section  of  two  crown  baiwR.  wo  reach  a  flattened  oval 
crowu,  with  the  cutlititr  edge  sharp  Ivcbind  as  well  ax  bpforc,  and  minntelf 
ribbed.  Tlio  crown  is  not  fat'ettdd,  and  in  nioro  convex  interiorly  tbau 
exteriorly.  The  exterior  convexity  is  chiefly  anterior ;  tbe  i-osterior  tiuK 
is  slightly  concave  from  tbe  open  groove  already  dracribed  as  present  in 
the  anterior  toeth.  In  two  posterior  crowns,  one  still  more  elongate  In 
seotion,  tlie  external  r«noavlly  becomes  flatter  and  includes  a  gr«at 
1)art  of  Uie  outer  face.  A.  tooth  still  more  posterior  presents  Uio  peculiarity 
of  the  Apecies  iu  the  strongest  liglit.  The  crown  ia  still  more  comproMed. 
<ltrootcd  backwards,  aud  only  .2.)  higher  than  wide  ant«ro-l>ostoriorly  at 
the  base.  The  latter  is  a  little  over  twice  tlie  traiiaversc  diameter  juat 
behind  the  middle.  Tbe  suri'aee  prosenta  tbe  cliaraclcre  described  iu 
others.  The  outer  concave  surfao-  is  wide  and  shallow,  and  contributes 
to  the  attemintion  of  the  posterior  half  of  tbe  toutb  rather  tlian  tlie  an- 
terior, which  is  consequently  tliicker.  1'lie  cutting  odget  ate  sharp,  tlie 
anterior  convex  ami  I'ctronting  luLckwanls  to  tliv  mther  obtuse  agiex  ;  the 
posterior  convex  abovt>,  concave  below. 

The  exposed  pails  of  the  dental  pedestals  ni-e  fniHlra  of  conen,  iicitlivr 
Rwolleii  nor  I'Oncavi'. 

M'.u,"rfm«nU.  il. 

Third  superior  maxilhiry  length  crown 0.0B3 

"     height  crown  aud  pedestal MS 

"     lon|{lludliial  diameter  l>n>«  crown Oi 

"     transverse ..   ,     013 

Sixth  deuUry,  longitudinal  .  -  OiM 

■'  "         traneveise -oU 

Glei-entb  dentary  height  crown  .oyj 

"  hoigbt  crown  and  |»i'dc»t)il     0303 

"         longitudinal  diameter  basis  orown OSS 


.014 


'The  arlieniar  bone  i*  pci'linpa  .AQ  tbe  sixcofthat  of  Mowataaru*  4*knjfi 
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And  prcaenU  lew  [Hiwfirful  ili>velo[imunt  of  Ihe  interior  ridgo  fur  Uie 
pteiygoid  muscle-  Tlie  cotylua  descends  abruptly  bohiiid  it.  Tlio  coro' 
iMul  bone  exiiibite  tli«  nsuAl  anterior  flmure.  The  rolled  Trout  margiu  of 
the  **ceading  portion  Ih  Uiickened.  Tlii:  BUperlur  aurfiice  of  llici  anterior 
part  of  tlie/raiUoi  bum,  is  lumpy  and  with  »on>e  Hballow  pita  ;  the  outer 
Cftco  of  tbe  Articular  is  smootli.  Tlie  rerttbra  prutsrved  ia  a  posterior 
r,  and   \n  injuiwl ;  tbo  anterior  artir.nlar  face  is  uuarlj  round.     Itx 

diameter  is  )I.nS3-  Lenj^tli  of  centrum  M.058. 
forms  of  tlie  teeth  diatinguisb  tlie  Liadan  nrl/iriat  from  tlie  Btwoios 
r,  and  tliat  of  the  vertebra,  from  audi  species  as  hioion 
^ope,  and  /.,  JgnptUrr,  Cope.  There  remain  to  compare  with  il. 
r,  Cope ;  /,.  milehiUii,  Dekay ;  L.  luerU,  Owen ;  L.  conffropi, 
ielerh'ii.  Cope  :  and  L.  madget.  Cope.  In  siso  it  will  only 
'itb  tbe  fln-t  two  species,  being  from  twice  to  fcmr  times  ** 
targn  OS  any  of  the  remaining  four.  The  flattened  teeth  diatiufpiisli  it  at 
onoe  from  L.  Merieu;  and  tlie  abrupt  rising  superior  margin  of  tlio 
articular  bone,  from  the  /..  mudgei,  where  the  upper  and  lower  mnrginA 
MO  for  tome  difitance  parallel.  Tlie  loss  compressed  vertebral  uentmm 
diattnguishes  it  from  /,.  lafeU.  From  tbe  two  large  species,  dental 
characters  seiiaiute  it.  Thus  in  Z.  prof ijcrtlio  teeth  are  less  oompreased, 
are  facetted,  especially  lUo  anterior  ones,  with  concave  grooves  sep- 
"  by  obtuse  ribs.  In  .V.  viiiehilUi  tbo  teetli  present  more  similarity, 
)>»  abundantly  distinct.  They  are  mnch  less  compressed,  even  wberu 
'poaterior  cutting  edgu  is  strongly  develojicd,  the  external  face  is  can- 
to the  apex  and  nithoiit  concave  or  Hat  facet ;  it  it,  narrower  at  tlie 
lAseaH  compared  with  theheight.  and  lias  on  ini'urrature  not  seen  in  this 
{.iadoa.     The  enamel  ia  smootli,  and  not  striate  under  the  glass. 

This  and  the  L.  iHilchilli  are  the  largest  Liodons  of  the  Eastern  ere- 
Utooons.  t  have  recently  obtained  three  anterior  dorsal  vertcbr)i>  and  a 
tooth  of  tlio  lattei',  fiom  tlie  lower  bed  of  crl^taceo^R  green  sand  near 
Fr«ebohl.  N.  J.  The  vertebiie  rival  in  aizo  those  of  Motaiaiirun  deka}/i. 
tint  are  of  a  more  clonKal«  form.  The  articular  extremities  arc  cordifomi 
urul  nearly  round,  the  poaterior  witli  the  smooth  neck  band  .iu&l  in  front 
of  its  margin.  In  front  of  this,  the  surface  ia  sharply  striate,  eapeaiolly 
«B  the  inferior  aspect ;  the  same  appears  on  tbe  bases  of  tlio  dinpophyria. 
tootli  is  like  one  of  those  described  by  Loidy.  (Cret,  Ilept.  PI.  XI.) 
f.ioion  teeteriut  w>ia  obtained  by  Jiidson  C.  Gaskill,  from  the  marl 
of  Uie  Pombertou  Hail  Co.,  at  ninninglmra,  N.  J.,  and  liberally 
at  my  disposal  by  liini. 

ADOCID.K. 

ep«ci«B  of  this  family  displny  conBidomble  diRei-eiices  in  Ihe  nature 

of  the  bones  of  tlie  plastron.     In  the  thickest  species  the 

)  and  Uie  processes  very  small.     This  is  especially  the  caax 

Aioett*  pnetarnlU.     In  .1.  hftilwi  which  is  thinner,  tbe  mitures  ant 

but  without  gomphoais ;  that  l^etwecn  the  hyo-  and  hypostemal 

nts  looking  tv*  tlicnigh  u  sligtit  niobiUty  oxiKtrd  in  life,  as  I  liavo 
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oluiervej  ill  a  rormer  nrtlcli.'.  Id  A.  tgaihttieut  tlic  KUtnren  nru  a  little 
coarser,  anil  in  A.  agUu  a  further  increase  is  neen,  but  with  but  littlo- 
{^mpboBls.  Ill  A.  jirarfm,  accordintcto  Leid;,  tbero  is  a  tittle  gomi>bOHiK, 
liut  how  much  iH  not  aMertainablo  from  his  figure  and  descriptjon, 
IIomoTop/iut  intuetai,  a  stouter  turtle,  the  gomplioeis  is  very  strong, 
especially  in  the  longitudinal  auliireit,  whore  the  teeth  are  long  and  stout. 
Tn  Zygnramui'i  this  courBeneBs  of  gompbosia  rcRcbes  a  maxiraum,  being 
strong  in  all  the  sutuies  of  tl)e  two  species,  except  the  anterior  memt- 
stemal  of 

ZVHORAMMA  MtrnooLTPHA,  Cope,  sp.  iiov. 

Tills  large  spcvien  is  repi^wntcd  by  the  gruitter  iinrt  of  plnstrcm  au^ 
bair  of  oarapace,  with  four  marginal  bones,  of  nii  Individual  from  the 
Now  Jersey  ci'etAceous,  of  two  and  a  half  fiet  in  length,  lis  discovery  ia. 
intorcstiug  as  enabling  nie  to  refer  this  genus  to  the  Atloeidai  wilboat 
doubt,  a  point  which  the  spccinious  of  tho  otiginal  species,  Z.  $lruitula. 
Cope,  loft  uncertain.*  The  opiislerniil  bone  displays  beautifully  the  wide 
intergular  scutum  separating  the  lateral  reduced  giilaiii.  The  postabdom- 
inal  bone  displays  tho  swellings  correspond iug  to  tlio  pubis  anil  ischium. 
The  pectoral  dermal  scuta  advance  medially  on  tho  posterior  part  of  the 
meBOSternnl  bone.  These  char».ctcra  are  llioso  of  Adoftu.  On  the  other 
hand  tltere  is  not  s-ntiafactory  ind  Icntion  of  tlio  intei'niarginal  scuta,  thouglv 
the;  may  exist,  nud  tli«  free  marginal  iHinusiinlcrior  to  the  bridge  display 
the  double  articulation,  by  suture  and  gompbosis  chnracterislic  of  Xj/ffo- 
rammii.  It  might  lie  here  observed  that  it  Is  poxsible  that  this  structure- 
will  be  found  tu  exist  in  ipeclcs  at  prasent  rcfentid  to  AdocuK,  .-1.  ogUi*,. 
for  example,  where  tho  marginaJ  bones  are  unknown. 

This  species  is  one  of  those  in.  which  the  mesosternal  is  rereitcd  in  tlie- 
very  open  emargination  of  the  hyostem,«l8,  a  cliantcter  indicating  lli« 
breadth  of  tho  former,  und  seen  tn  A.  agili*  and  A.  lynlhrtifa*.  Thv^ 
l>ones  ai'c  relatively  thin,  tho  mnrginals  liglil  and  gently  recurTod.  The 
anterior  lolio  of  the  plastron  i«  tniucate,  the  straight  anterior  niargiik> 
grooved  lengthwise.  Tho  posterior  lobo  is  regularly  contracted,  and' 
rounded,  and  with  thin  edge.  The  xiphisternal  and  liyostemnl  of  tha- 
right  side  have  each  an  ohliipie  sutuiul  union  with  the  hypostemal  oftlis 
left.  The  mesosternnl  Is  broader  than  long,  the  jxisterior  ninrgin  broadly, 
truncate,  the  hitcro-poHlcrior  curved  sigmoldally,  tbu  anterior  regularly 
convex.  The  episternal  is  but  moderately  thicltcned.  The  parts  of  thtt 
hypoxtemals  on  the  bridge  are  nearly  in  the  plane  of  tlic  ro»t  of  the  plastron.. 
Tho  marginal  bones  near  those  of  the  bridge  hnvo  a  tliirkcncd  shoulder 
iibove  wilbin,  into  which  the  slvnder  costnl  procesnes  are  received  ;  thej 
Ibin  out  rapidly  and  nro  gently  ovei'trd  distiilly.  More  distal  tnargimbt 
are  lighter  and  more  ovcrtcd. 

The  bonva  of  the  carapace  inchido  tliree  vertobrals  and  numorouB 
costalfl.    Thelattordisplny  very  weak  capitular  prouvsneti,  but  in  non 
they  entirely  absent.    Nt'ither  {hay  nnr  the  vcrtohraU  are  thickened.    The 
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icrtcbmts  arc  «bort  oofl'm-Bhai>ed,  njiicave  or  eniargiiiatc  in  front ;  a  utout 
laminar  neural  spiDe  supports  tbe  vertebra  below. 

The  sculpture  of  all  the  bones  is  a  clolicate  impressed  punctatiun,  Uie 
ImprawioDs  forming  lines  or  delicate  grooves  in  some  places.  Tbeso  run 
ubliqneljr  across  tome  of  tbe  ooBtnls  and  marginals,  and  Bublou|;itudiuMlly 
on  tbe  posterior  lobe  of  tbe  plastron.  The  corneous  scuta  Lnvo  left  dis- 
tinct impressions.  Tbe  margiuals  extended  on  to  the  crista!  boiii's  at  the 
place  of  thcfiee  marginal  bones.  Tiierertebrals  wore  a  little  longer  tlion 
irido,  wttb  bracket  nhapeil  lateral  sutures,  and  openly  eniarginate  lielow, 
The  iutei^lar  plate  was  iMintngonal,  with  straight  sides,  and  bixiader 
[boo  long.  The  gulara  are  short  and  not  prolonged  very  far  on  the 
outer  inarKin  of  the  plastron.  Tlie  iiecCorals  nre  nan-oweil  laterally,  nod 
present  a  convex  median  outline  on  the  mesostcrnum.  The  ahdoraino- 
fbmoral  suture  crosses  a  littlo  behind  tbe  middle  of  the  hyjiosternal  bone. 
The  modiaii  longitudinal  suture  winds  from  side  to  side  on  the  posterior 
lobe  lu  the  most  errutic  fashion,  nbnoi-mally  no  doubt,  and  tbe  suture  for 
Jlw  annU  is  anterior,  convex  in  front,  sigmoid  at  llie  »iides, 

.Vi<aturem«ntii,  if. 

Kl.engtli  r>f  plastron  (restored) .0.4^1 

from  front  to  postabdominHl  suture 34 

"  to  (right  I  byposternal 195 

■'  to  hyoBterual , .101 

'■  to  meaostemal Oafi 

[  Width  at  nusostemal 134 

of  "         005 

at  postnlidom  in  nl  suture S3 

f^TbickneM  of  niesostemal  behind Ollfl 

of  byposternal  medioily 0158 

Widtb  of  average  costal  at  vert,  scute  suture OUrJ 

Thickness  of  same .011 

Total  length  adjacent  vertebral 08(1 

L  tircatest  width ,  .0SI6 

I  Width  do.  at  end 022 

ftl«ngth  of  Qrst  free  marginal  from  liridge OOriH 

►■Width  Ofdo in 

■  Thickness  proximally DIT-'i 

of  a  free  marginal  proximally 01 

iWldth  "  "  (I7.-. 

■LcdbUi  "  0548 

e  type  apccimcn  <if  this  si>ecics  is  about  twice  tbe  size  of  that  uf  Z. 

It  also  dilll-rs  in  some  respects  which  might  be  attributed  to 

la  tbe  greater  recurvature  of  tiie  marginal  bones  and  the  greater  ex- 

T  prolongation  of  tbe  thickening  on  the  inside  of  the  mai'ginals  next 

But  Ihero  are  others  "Which  appear  to  be  speci&c.    Thus 

*  very  little  cvi<lcnce  of  cross-uniou  of  sternal  elements  in  the  Z. 

tula,  and  the  sculpture  in  twice  as  foarse  and  so  much  more  marked. 


t;op..|  46  iiiHiviiB.. 

The  p«gE  of  tliv  costal  gompIiosiB  arc  ixlMolut«ly  twice  as  large,  and 
relatively  still  larger.  I  tliererore  believe  tliia  epecimcu  to  represent 
unotber  itpccies.  Besides  the  Batumi  charticters,  thuse  iif  the  intergular 
Ncnta  sepamte  this  epecies  Trom  Adoeui  beatui.  In  the  laU«r  Uiat  scute  is 
urceolate,  and  the  gulara  sickle-ahaped,  being  pixidiiced  backwards  on  tlic 
niargius  of  llio  episteraal  or  claviuular  bones.  In  -4.  $}inth«tie'H»  thn 
interguliir  is  narrower,  and  ixinveK  beliind,  the  mcsosternuin  is  angulate 
ptMterioriy,  and  the  plastron  muuh  thicker.  In  A.  agUit  llie  pltistran  U 
nearly  Bimilar  in  tbickueiiB,  but  the  msBoslvruum  ix  angnlate  behind,  and 
is  narrower,  and  the  sculpture  vary  ntiinh  i^oarser. 

The  Z.  mieroglyphii  wm  roaiitl  liy  my  friend,  .ludson  Gaekill,   in  the 
initrl  excavatioQ)!  under  his  direction,  at  Birmingham.  N.  .1. 
AGOMPHlii,  Co|*. 

This  name  is  proposed  for  a  genus  of  TeUudinnta  heretofore  not  recog- 
nized. It  appears  to  belong  to  the  Etaydldit  so  far  as  known,  but  ti> 
difl'er  h'oiu  tbem  in  lacking  tliD  ai-ticu1ution  of  cental  and  inur»inal  bones 
by  goinpbOHU,  characteristic  ef  the  existing  genera  nf  the  family.  It 
does  not  appear  to  ditfer  in  any  other  point  so  far  as  known.  The  type- 
species  Is  AuoMpliut  turgiiluft  Cope  iEmyt  Tians.  Amer.  Phila,,  1870, 
137) ;  others  from  the  cretaceotis  of  New  Jersey  are  ,1. /rmin,  I.ieidy  (1.  c. 
laO)  and  A.  petrottii,  Coiw,  il.  c  120). 

l?i  PROPLEURID.E,  Cope. 

t^itlCm.  Aiitfr.  JtKtrn.  Sei.  ArU.  1S70,  ;/,)  137-8. 

C'ATAn.ECKA  PON  DEROSA,  Copc,  Spec.  nor. 

This  turtle  is  represented  by  two  posterior  marginal  bones,  six  <H>Etals, 
a  liypoKtcrnal,  scapula  and  procoracoid,  ami  femurand  hunieniB,  all  more 
ur  less  fractured. 

The  margioals  arc  the  caudal,  and  a^ointng  one  nf  tlio  light  aidcK. 
They  both  present  a  suture  for  the  pyKi*'  vertebral,  and  the  htteial  pre- 
Kcuts  also  a  pit  for  articulation  l>y  gomphods  with  the  last  custa!  bone. 
They  are  of  heavier  form  than  tlioee  of  any  other  species  of  the  group. 
The  hypOKtcrnal  has  liad  no  sutural  union  with  the  byosteniat  uuloss  ex. 
torierly  ;  this,  if  existing,  has  been  slight.  Tlie  Hliaft  of  tbe  humariis  is- 
l^ontraoted  and  nearly  cylindrical ;  the  great  trochanter  of  the  femur  is 
little  elevated,  and  not  continnous  in  the  plane  of  tbe  head,  but  separated 
from  it  by  a  depres^on. 

The  above  charact«rs  express  the  generic  lelationaliipfi  of  thla  type. 
The  gomphosia  with  llie  laat  lateral  marginal,  inx  weil  ,ib  the  lack  of  union 
of  the  lateral  clomcntaof  the  stennim  soparateait  froinOBteopygia;  Uieir 
union  is  more  exteoHive  than  in  Propleura  sopita.  This  would  not  prevent 
tbe  gcnoric  unity  of  the  two,  wore  it  not  for  the  additional  cliaraulers  of 
a  slender  shafted  liumerus,  and  probably  broad  short  mandible  vritli  lone 
sympbysis.  In  1'.  Hupitu  the  rami  arc  slender,  and  the  sympy sis  short.  TIm 
ohamutera  ate  much  like  those  of  Catapleura  rcpando,  and  I  arrange  it. 
with  that  species  until  better  information  compels  a  chnnftr. 
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Tbe  tavdat  marginal  is  strongly  concave  bvluw,  voitvcs  LibOTs,  the 
margin  tittle  rcciu'ved.  The  auteilnr  outline  is  coiitdx  medially,  iriUi 
ntniKhl  continuatioDH  at  right  angles  U>  eikch  Iut«rul  Biiture.  A  portion 
nt  the  eilge  ia  broken  off.  Lateral  margin:!!  nlrotif;!;  and  openly  emar- 
ginAte,  surface  nut  convex  na  in  the  mciliaii.  Itutli  ure  massive  as  In. 
Agompbtu  lirnius  and  allies.  The  uninn  wilh  the  [lygHl  ceases  behind 
tiie  costal  pit. 

The  to*talt  nro  tbick  and  considerably  ciU'vcil  tTansvcrscly  to  th«i  vcrt£- 
bnl  ajiis,  tlie  rib  hoads  are  unusually  large  and  prominent  find  sub- 
r^liodric  in  section.  The  rib -ridge  is  nioie  elevated  and  rounded  in 
■ectioD  than  in  nny  other  Ej^des. 

Th«  hypottlernai  is  from  the  left  side.  It  OKbibits  tlie  free  articulation 
for  the  xiphiet«rnals ;  tlie  posterior  margin  is  thinned  uut,  while  tli« 
Mitfirior  is  mor«  abniptly  rounded,  nnd  without  trace  of  hyosteniRl 
»nlat«.  The  external  face  is  Uistally  rayed  with  narrow  ridges.  The 
nnmnon  peduncle  of  tbe  ncnputa  and  pr<icorac(jiil  ia  shoi't  and  wide,  tbe 
«ntural  faco  for  tbe  comcoid,  subtriangulsr. 

Tbe  bicipital  ridsc  of  tbo  hnment*  is  ns  usual  at  right  angles  to  the 
head,  nnd  is  thin  and  Hat.  The  plane  of  the  inner  crest  makes  an  open 
uigle  with  the  outer :  its  base  is  less  distant  from  tlie  shaft  than  that  of 
the  outer.  The  great  trochanter  diverges  somewhat  from  the  plane  ot 
Uie  axis  of  the  bead  of  the  femtir.  The  latter  overhangs  tbo  shaft  be- 
liind ;  tlie  latter  is  curved,  and  beyond  the  middle  sub<]Uudr!Ltc.  In  this 
M  in  the  humejuK,  ooe  of  the  two  ciiists  U  coutinued  :ib  -a  ridge  along  tbe 
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I  Leogtii  cauilnl  marginal 0.00 

JWidth 08 

i 0017 

K  Width  Mcond  ?  costal  bone 083 

KThiokness  do,  at  centre 018 

I'lVidth  hyposteinal  at  middle 004 

I  Thtokness  do.  near  anterior  margin .013 

I  Length  free  portion  of  a  rib 018 

I  Diameter  (long)  ho nd  humerus 037 

"      sliaft        "      ■ OIS 

"      head  femur 033 

■'      shaft    "     016 

I  Width  manilitile  at  symphysis  at  right  angles  to  mar^n  . .   .034 

LTbickncH  mandible  at  symphysis  posteriorly Oil 

mpanying  tbo  above  remains  were  those  of  a  umall  cbelydrine 
i,  and  of  a  Taphronphy;  and  a  poi-tion  of  tbe  mandible  of  a  species 
fl  to  Lgtohma  augvtta  and  other  species.  Its  size  relates  well  1«  the 
Ir  twnes  of  the  Catapleura  penderota,  and  I  suspect  that  it  belongs  to  ■ 
IspooieB,  It  has  the  expanded  form  with  slightly  recurved  alveolar 
I,  of  this  grouji ;  the  m.isseter  foasa  ia  strongly  marked  ;  tbe  dental 
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faramen  openu  almost  Huperiorb- ;  tlio  iio»t«rioi'  rniLi-g^in  or  tlie  jaw  is 
deeply  grooved. 

Tho  C.  ponderota  differs  from  C.  Ttpnnda  in  its  rounded  instend  of 
llatteoed  rib-ridgfcs  on  the  inferior  surface  of  tbe  costal  bone,  aud  in  tbc 
(iifferent  proportionii  of  tlie  crests  of  the  femur.  Tlio  losaer  trochanter  iii 
the  latter  is  more  robust,  and  less  nnrrowed  nod  prolonged  ub  a  ridge  on 
tbc  sbnri.  The  proxiruHl  half  of  tbeHhaft  is  straight;  in  C.  poaderotu 
curved. 

Tbia  species  wBA  discovered  by  John  G.  Mien,  a  gentleman  who  bad 
iilready  enriubeil  paliuontologj'  with  many  iutorcsting  forms.  From  the 
upper  bed  of  Cretaceous  green  sand  at  Ilorneratowu,  New  Jersey. 

In  tbe  nomenclature  of  the  elements  of  tho  plastron  of  tbc  Testudinntii, 
I  will  in  future  adopt  in  part  that  projioscd  by  Pai'kor  (on  the  shoulder 
girdle  Roy.  Society,  l&QO),  who  has  shown  after  Itathke  thnt  the  posterior 
pioouB  do  nut  belong  to  tbo  eternum.  The  hoites  from  front  liaclcwatds 
should  then  \m  nnmed,  olacKlt  ("episternal''),  tneaottemat,  hyntUmal, 
hi/po4tfrnaK  »nA  ponlabdmainiil  ("xiphisternul  "). 

CnOOODlUA. 

BoTTOSAURtB  MACRORUfllL-BLtl,    Uoi'laU. 

V.  harlani,  Meyer.     Jiotl«siiuru»  fuirlani,  Affass.,  Leidy,  Cope. 

Tho  present  state  of  knowledge  of  this  mv  species  and  genus  involve 
some  confusion,  and  I  propose  here  to  set  it  to  rights  in  a  hricf  manner. 
This  is  rendered  easy  by  tbo  discovery  of  the  almost  complete  skeleton  of 
n  nearly  grown  individual,  in  the  upper  bed  of  cretaceous  green  sand. 

Following  my  predecessors.  I  rej^rded  the  CrocadUut  batilruneatut  of 
Owen  OS  this  species,  in  the  synopsis  Bntr.  Itept.  N.  Am.,  1800,  p.  Si), 
but  with  expression  of  considcmble  doubl.  At  page  231  uf  the  same 
work,  Idistinguished  tho  species  of  Owen  nsa  true  llolopt.  As  1  hod  sup- 
posed tho  cervical  vertebric  to  preseiit  the  eharavtei's  of  Iblopi,  tbe 
assignation  of  llie  spocimons  on  which  this  opinion  was  founded  to  a 
species  of  that  genus,  left  an  entire  uncertainty  oa  to  their  cliaracter  in 
IloltoKturu*.  Tho  discovery  of  a  eeries  of  vertebne  as  above  mentioned, 
settles  tlint  their  sti'Uctiira  is  not  llint  of  the  other  cretaceous  genera,  but 
that  of  the  Tei-tiary  and  recunt  forms,  >'.  e.,  that  the  hypapophysis  of  the 
ccrvicals  aro  pi'o<lurcd  and  uncfivicleil  to  the  axis.  Deducting  tbc  erinne- 
uusly  supposed  cljuructer,  there  remainii  one  uurioua  feature  to  distinguisli 
this  form  from  tbe  recent  AUii/ater.  Tho  flings  of  the  teeth  posterior  to 
tlie  olevoulli  urc  not  enclosed  by  tlie  dcntory  bone,  but  are  exposed  to  tbo 
inner  faue  of  the  spleuial.  How  far  the  latter  ])i'ot«cls  tbem  tbo  nature 
of  the  speclmon  does  not  allow  mo  to  ilooide. 

It  Tumaius  to  ooniMtt  the  spceiQis  relations  of  this  croiodite.  At  page 
'i3Q  of  tlie  above  work,  1  descrilfcil  a  new  species  of  Hottetaurut,  under 
tiio  name  uf  B.  la^reiilalui,  ustublisliiug  It  on  remaius  of  cranium  uf  one 
individual  and  tbow  oflbe  pontcrior  jwirtaof  a  skelolou  of  another.  Tho 
anterior  p»rt.  with  jaws  of  tbo  latter  having  fortunately  been  reco*ered 
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AB  sbovQ  mpiitionci),  nnil  plnccrl  in  tuy  lian<je,  I  Had  tliat  tlie  aiiioiiil  lie- 
lUDgs  to  the  oriijiiial  j?.  maer'Thj/neAvt,  and  that  tlie  fij'st  jaw  and  Weill 
repKgont  nn  Jnillvidual  nf  aimtlicr  spL-ciee,  wliicli  will  bvar  Ilia  name  of 
B.  Ivbertulalui.  It  tlill'ei'B  Truin  tlio  Ih'iit  nanicd  in  the  aciice  ot'  conic  form 
of  tha  crowns  of  iome  of  tha  teetli,  aud  probably  m  tlie  muvL  Bmuller 

In  addition  to  the  ^nei-ic  pcculinritiea  nirendy  mentioned,  this  Bpecles 
cxbiUita  u  ilispanly  bvtween  tlie  letigthK  of  the  t'Ciiti'n  of  the  lambar  and 
cervical  vottctirai,  tvhich  is  unusual ;  compare  tlia  me:tsurcmeiit>  bvluw 
nitli  Uiuse  given  for  the  wroiiiudcr  of  t]ic  Barae  animal  as  above  cUml. 

0  hypapophyais  of  the  doi'sal  vei-tehnu  are  long,  with  parallel  sides, 
I  oval  in  section.  In  lliHt  one  where  the  cupitular  ailioiOiVr  face  is 
ir  tlto  suture  of  the  nourn]  nrch,  tli«  articular  cup  In  Cintiraly  touiid, 

'■i  Its  margin  llarod  out  re^'ularly  to  tl.u  capitular  surface.  The  neura- 
popliysee  are  narrow,  and  the  anterior  xygapophyses  directed  very  obltigucly 
■loH'n  wards. 

The  ferriiraU  are  not  only  sliorleneil,  but  diminish  very  much  in 
diameter  anteriorly,  nnd  the  cnp  continues  round.  Th«>  bypapopbyEis  is 
vDrv  rtimt  on  ttie  aut*rior,  more  compi^ssi'd  on  the  jiosterior  vertebrw. 
Tbc  nctirapophyMn.1  artiuiibir  faces  have  the  usual  rujjiose  anterior  and 
«  crested  pOKtiirior  are:vB,  but  ai'c  sbort  and  widu,  and  this  anterior 
la  an  oblique  concavity  extendiu^^nci'ose  it  outwards  and  anteriorly. 
lo  poKtarior  araa  is,  however,  th«  tnuro  deeply  grooved,  CGpecially  ou 
^  lumbar  vertebi-x. 

B  ranti  of  llie  mandibU  ave  prenerved  nearly  entire.    Tho  larKS  ex- 

d  foramen  lietween  the  deutary,  angular,  and  articular  bones,  exists 

o  the  smaller  one  on  tho  iiini-r  fitiro  of  the  ramus.     The  rami  are 

IV  iU)d  tbln  walled,  though  nf  very  stout  foi'ni.     The  anterior  teeth 

d  kloiig  tlie  outer  marj^in  of  the  ilcntary  and  then  emss  lo  tlio  inner 

e  tcctb  from  l.be  twelfth  to  the  eighteenth  or  last  bciiiK  separated, 

P  (ir«t  by  rudimental  septa  the  latter  by  mere  low  ridges.     Six  nf  tlicse 

h  «w  txpund  wil  hont  ossoons  wall  on  tho  inner  face,  and  iJiat  for  the 

rtior  tooth  Is  probably  incomplete.     The  wbule  length  of  the  raniuB  is 

it  tvcnly-aigbt  nnd  n  half  inches.     It  is  elevated  at  tlie  position  of  Ihe 

ll  usnally  colled  the  inferior  ciniine  ;  this  may  be  made  to  appenr  like  an 

mnl  rxpanalon  by  rotatiiij;  the  ramus  outwards  (seeLeidy  Ci'etficeous 

1.  D.  B.,  Tab,  IV.  lig.  80).     There  is  another  elevation  at  the  seventh 

1  bdillid  tbis  point,  and  a  oonciivo  eurvo  tn  tlio  elevation  of  tlio 
ledlar  bono.     The  angle  of  tho  jaw  is  prominent.     Tiie  cutting  edgo 

•r  obtuso  and  delinately  ridged  ti'aii8Vei:«.'ly ;  the  rest  of  the  ciowu 

Meitrartmentt.  M. 

I  Length  ramui  mandlblo , O.TSO 

I  Lamgth  BericH  of  In-itucven  teeth lUO 

I  Depth  ramus  at  twelfth  tooth  (from  front) 064 

at  fxtcrual  furiiincn lis 

'.  «.— VOL,    Xll~u 
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Mtafi  rnnenli.  31. 

Length  centrum  anterior  lumbar 035 

Diameter  cup  Oo.      042 

"  neurapoplifsjs  do 048 

"  dorsal 087 

"  cuporcentriim  "     035 

Length  base  bypapopliysis 03 

Length  centrum  median  cci'vical 05t 

WidlLcup  •'  "         087 

Dcptli    "  •'  " .035 

■'         "       anterior  "        038 

Width    ■'  '■  "        082 

"       betircen  poKL  miii^g.  parapopbyses 019 

Deptb  of  centrum  to  loner  edge ...., 01 

BoUoiaurai  ntaererh!/»ehiii,  Uari..  was  then  n  crocodilinn  with  a  body 
nr  the  proportionB  of  our  alligator,  but  witli  Inrger  legs,  and  reUttively  con- 
siderably liu-ger  head.  The  cranial  boneo,  however,  are  much  iBsa  massive, 
US  though  to  retluco  the  weight  wliicli  would  prove  inconvenient  to  a  body 
of  no  larger  aiio.  The  boiies  of  the  mnndiblo  arc  thin  and  enclose  lurge 
pneumatic  cavities ;  the  teeth  are  hollow  and  with  thin  walls. 

I  am  indebted  to  Judson  C.  Oaskill  for  the  opportunity  of  eiamining 
this  interesting  fossil. 


DINOSAURI.\. 


Hadrosai 


a  cATATua,  Cope,  sp.  oov. 

This  specli<B  is  indic^itud  hy  rcmnins  derived  from  the  upper  green  sand 
bed  of  the  uppiT  Cret.'ieeona  of  N«w  Jcraey.  They  belong  Co  an  individ- 
ktal  of  the  gigantic  proportions  cliaracteristic  of  the  four  known  sjfcoics 
oftlie  genus.  It  is  smaller  than  H.  Iripo*  or  /[.  oceidtnUilit,  and  in  a  lew 
degree  smaller  than  Oio  17.  foulkei.  The  u-muins  consist  of  four  caudal 
Tertobno  from  the  median  part  nf  the  series,  thi-ec  of  them  exhibiting 
rudiments  of  the  dinpophysos.  It)  two  of  them  the  iieund  ardi  remiujis. 
one  with  the  spine,  and  the  articnlnr  prominences  for  the  ebovron  boiieH 
ni-B  nptvrly  complete, 

Tlw  liret  diameter  which  is  nlxKirred  in  Ihcao  vcrtcbrw  is  their  opiatho 
cocliitn  nrticulatiun.  Tho  posterior  concave  face  is  marked  by  n  more  or- 
loss  prominent  elevated  band  descending  from  the  end  of  the  Hoor  of  the 
neural  canal,  and  which  is  sonietimcs  grooved  medially.  Tlic  convex  ex- 
tremity is  swollen  in  the  middle,  most  especially  so  nt  three  (Kiiiits,  and  n 
gi'oove  or  dcprowod  band  which  has  Ichr  tli.in  one  fonrtli  tlje  width  uf  tlie 
centrum,  oxtendH  rouud  tht^  margin  outside  of  it.  The  goncrul  form  of 
Uie  estrouiitius  is  rounded  hcxagunal,  the  anterior  a  little  ileprcs^cd,  Ihr 
pocterittr  a  little  compressed.  The  sides  of  the  ccntm  arc  quite 
The  ohevrou  firticular  projections  aiv  quitt  pronilnenti  temiinating  a: 
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riorljiii  n  low  rid^e  whifli  ezteudB  to  near  tlioanteriorface.  At  the  latter 
position  phewi'on  articuar  races  are  either  wanting  or  Terj  little  markeil, 
Tbe  centra  exhibit  no  lateral  aiifnilnlinii ;  the  third  from  the  anterior  bns 
a  trace  in  alongitudinnl  fulness  ahovo  the  middle  of  the  ejde;  the  last-,  the 
Baiii«,  below  (he  middle  orthe  side.  Tlio  margins  of  the  extremities  are  well 
flared.  The  neural  L-anal  is  a  little  compreHScd  and  deeply  excavated  in 
the  centrum.  The  surface  of  the  centrum  is  only  nij^ooe  at  the  base  of  the 
dinpophyKis.  Tbe  general  form  viewed  Literally  is  subquadrate,  the 
interior  vertebra  a  little  deeper  thao  long,  the  posterior  a  little  longer 
(bam  deep. 


iff. 


M. 

I  I.ength  eentrum  of  anterior O.OS 

I  Depth  posterior  face 07J 

l,Width  "        OBI 

of  both  chevron  prooes^ef O-*) 

of  neural  canal 033 

iD^pthiiBurat  canal 023 

I  Lvngtli  nen apophysis t>4 

1  Tliiid  vertebra,  depth  posteriorly OTl 

depth  posteriorly  with  cbevron  process 078 

FFourtb  vertebra,  width  centrum  behind 075 

dvpth         '■         one 

'■    with  chevron  proiwsB 074 

[  Width  neural  canal 08 

■'        spine 035 

Bcurapophyais 034 

e  meamircments  of  depth  of  centmm  are  made  from  tbc  floor  of  tlio 
ItennI  cnnnl,  not  IVani  tbe  upper  margin  of  the  superior  lateral  projectionB 
af  the  Articular  faces. 

As  in  H.  foullui,  the  neural  spines  have  a  small  antcro-posterior  diam- 
Clcr,  and  the  sygopophynes  aro  little  develoiiod.  The  anterior  are  sub- 
.0  and  more  or  less  joined  together.  As  the  neural  spine  is  very 
oblique,  the  poshfiior  ;!ygBpophyses  are  above  a  point  behind  the  articular 
oity  of  tho  centrum. 

is  spvoles  differs  at  once  from  the  IT.  lripo\  H.  fovlkti  and  U.  miOfOr 
g  oplstltoooelinn  vertebnL-,  resembling  iu  this  resjicct  the  H.  oeei- 
__^_  '\t  (TbeeiMsiuH,  Lcidy).  The  latter  differs  from  IT.  tatatui  in  the 
'  Avslopment  of  tbc  chevron  articulation  eiiually  on  both  adjacent  centra, 
initead  of  on  tbc  posterior  extremity  only.  Iti  H.  foulkti  anil  11.  tripat 
lliis  double  junction  of  clicvronti  cxtcntls  to  the  extremity  of  the  caudnl 
wrieis  addiii;;  another  important  ground  of  difference  between  them  and 
llie  n.  titfoliu.  Tlie  eingin  cnudal  vertebra  of  IT,  oBeldentalit  known,  is 
Ukg  tliat  of  the  former  species  iu  this  respect,  hut  there  Is  no  certainty 
ibu  the  ttnicLure  continues  the  same  tlii'ougliout  the  caudal  serleis  and 
D  distill  vcrtchrie  m:iy  not  lie  like  those  of  //.  ciirnU/l  in  this  re- 
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spect.  It,  however,  further  diflfers  in  the  relatively  more  compressed  or 
oval  centrum,  and  much  greater  size.  From  H.  minor  the  present  reptile 
differs  in  the  opisthocoelian  vertebras,  the  known  caudals  of  the  former 
having  plane  articular  surfaces,  and  in  the  much  larger  size.  It  is  not 
possible  to  compare  similar  parts  of  this  species  and  the  OrnithotarsvA 
immaniSf  Cope,  but  the  larger  size  and  much  lower  striatigraphic  horizon 
of  the  latter  renders  their  identity  vei*y  doubtful. 

Should  the  genus  Thespesius  of  Leidy  turn  out  to  be  well  eatablished, 
the  present  species  will  enter  it.  I  am  not,  however,  entirely  satisfied  that 
the  difference  in  the  form  of  the  articular  faces  of  tlie  caudal  vertebrae  is 
such  as  indicates  generic  dlfiference.  It  was  on  this  ground  that  I  refeiTed 
this  form  to  Hadrosaurus  (in  Synopsis  Extinct  Batr.  Rept.  N.  Amer., 
p.  08),  and  not  from  misapprehension  of  Leidy' s  definition  of  it,  as  the 
latter  supposes  (Proceed.  Aca.  Nat.  Sci.,  1870,  p.  67). 

The  rather  slight  material  above  described  is  fortunately  so  character- 
istic as  to  enable  us  to  establish  satisfactorily  the  existence  of  another 
monster  of  the  I'emarkable  group  of  the  Dinosauria ;  beings,  whose  ap- 
pearance and  structure  have  rivalled  the  strangest  creations  of  the 
imagination,  and  shown  again  what  every  other  page  of  the  book  of 
natui*e  teaches,  that  reality  is  stranger  than  fiction. 

On  Two  extinct  fomu  of  Physostomi  of  the  Neotropical  Region, 

By  E.  D.  Cope,  A.  M. 
{Read  before  the  American  Philosophical  Society,  March  3,  1871.) 

Fam.  ELOPID^. 

Prymnetes,  Cope. 

Dorsal  fin  above  the  anal  with  short  basis  and  very  elongate  rays  ;  the 
posterior  ray  free  and  longtjr  than  the  others.  Ventrals  posterior. 
Vertebrae  with  deep  lateral  grooves,  disproportionally  numerous  in  the 
abdominal  region,  viz. :  Abd.  49,  caudal  18.  Tail  deeply  bifurcated,  its 
exterior  or  supporting  rays,  like  those  of  the  dorsal,  ventral  and  pectoral, 
very  stout  and  obliquely  segmented.  Head  short,  mouth  (in  the  specimen) 
inferior ;  teeth  simple,  small.  Scales  with  many  concentric  grooves  and 
a  few  radii  on  the  proximal  portion.     No  latei*al  line  discoverable. 

The  pertinence  of  this  genus  to  the  Elopidic  is  indicated  in  various 
ways.  The  general  form  is  that  of  Elopt  and  Megalops,  and  the  normal 
and  supernumerary  ribs  are  quite  as  in  the  former.  The  interneural 
spines  extending  from  the  head  to  the  dorsal  fin,  are  quite  like  those  of 
the  same  genus.  It  difiei*s  from  both  in  the  posterior  position  of  dorsal 
fin,  and  relatively  numerous  abdominal  vertebrse.  From  Flops  it  differs 
especially  in  the  long  posterior  lash-like  ray  of  the  dorsal,  and  the  deeply 
grooved  vertebrae. 

Prymnetes  longivekter,  Cope,  sp.  nov. 

Established  on  a  very  fine  and  nearly  perfect  specimen,  preserved  on  a 
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block  of  lime  slate  from  Chiapas,  Mexico.  The  body  is  seen  in  profile, 
but  the  head  has  been  pressed  from  above,  and  the  view  is  therefore 
obliqne. 

The  general  form  is  elongate.  The  pectoral  fins  are  inserted  at  the 
pectoral  plane,  and  are  of  moderate  length.  The  ventrals  are  short  and 
small.  It  is  uncertain  whether  they  reach  the  anal,  as  the  anterior  part 
of  that  fin  is  destroyed.  From  the  small  number  of  interhsemal  spines, 
the  anal  has  probably  had  a  short  basis.  Caudal  lobes  narrow.  A  strong 
horizontal  interneural  spine.  The  anterior  intemeurals  are  like  those  of 
Megalops,  slender,  gently  curved  rods,  apparently,  but  not  really  contin- 
uous with  the  neural  spines  in  som^  places.  The  dorsal  fin  laid  back- 
wards extends  to  the  emargination  of  the  caudal.  The  vertebne  near  the 
head  are  not  altered.  There  appears  to  have  been  a  laminiform  crest  on 
the  head,  but  the  bones  thus  described  may  be  those  of  the  opposite  side 
of  the  cranium.  The  muzzle  appears  to  be  contracted  and  projecting 
beyond  the  mouth.  Three  narrow  obtuse  teeth  appear  on  the  edge  of 
the  premaxillary  bone.  Dentary  bone,  stout.  Orbit,  round,  large; 
entering  4.6G  times  the  head  to  the  posterior  margin  of  the  operculum, 
and  1.33  times  the  length  of  the  muzzle.     Operculum  rounded. 

Radii ;  D.  2.  13.  1,  C.  ?.  ?.  6,  6,  A.  ?  V.  ?  I.  7.  P.,  apparently  not 
numerous,  but  very  numerously  divided.  There  are  about  twenty-five 
longitudinal  series  of  scales  at  a  point  a  short  distance  anterior  to  the 

ventral  fins. 

M. 

Total  length 0.530 

Length  to  orbit 024 

Vertical  diameter  of  orbit I   .018 

**  dentary  bone OIG 

Length  to  opercular  border 086 

''        ventral  fins 310 

''        dorsal     **     363 

basis  caudal 380 

Depth  at  pectoral  lins 085 

ventral      "  074 

**  posterior  margin  dorsal 04 

"  basis  caudal 02 

This  species  was  found  near  Tuxtla  Chiapas,  Mexico,  by  Dr.  J.  Berendt, 
and  by  him  sent  to  the  Smithsonian  Institution.     Mus.  No.  9819-20. 

Fam.  (?)  CHARACINID^. 

An^dopogon,  Cope. 

Month  opening  almost  vertically  upwards.  Dentition  weak,  consisting 
of  lancet  shaped  teeth  on  the  dentary  and  premaxillary  bones ;  maxillary 
without  or  with  minute  teeth.  Post-temporal  bone  large.  Scales  with  few 
ladii,  no  concentric  grooves  or  cells. 
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The  pertinence  of  this  genus  to  the  Charaeinida  cannot  be  considei'ed 
as  entirely  established,  as  the  specimen  described  does  not  display  any 
of  the  fins.  The  appearance  is  not  unlike  that  of  OsteoglossuiOf  but  the 
structure  of  the  scales  distinguishes  it.  The  great  development  of  the  »ub- 
and  postorbital  bonet,  and  small  size  of  the  preorbital,  distinguish  it  as 
allied  to  the  Characins.  Its  dentition  and  general  form  approach  the 
genus  Anaeyrtus  Miill.  but  it  is  at  the  same  time  distinguished  by  the  lack 
of  maxillary  teeth.  In  addition,  it  appears  to  lack  the  anterior  inter- 
neural  spines  found  in  so  many  Characin  and  Clupeoid  genera,  and  in 
families  allied  to  them.  They  are  at  least  not  apparent  on  the  faces  of 
two  fractures  across  the  vertebral  column .  Three  vertebra  are  exposed 
throughout  their  length.  They  are  longer  than  deep,  and  exhibit  the 
two  lateral  grooves  common  to  so  many  Teleosts.  The  only  scaUi  pre- 
served are  those  above  the  pectoral  fins,  with  but  few  above  the  veitebral 
column.  None  of  these  present  ti*aces  of  the  lateral  line.  The  clavicle 
makes  a  right  angle  with  its  inferior  limb,  and  with  the  coracoid,  and  is 
produced  backwards  at  the  base  of  the  pectoral  fin.  The  epiclavicle  and 
post-temporal  are  wide  bones.  The  operculum  is  developed  upwards  to 
the  epiotic,  and  the  interoperculum  is  present.  A  fragment  represents 
the  subopereulumj  which  was  probaly  a  nan-ow  bone.     The  coracoid  was 

* 

a  broad  vertical  lamina,  extending  horizontally  forwards  to  below  the  pre- 
operculum. 

An^dopogon  tenuidens,  Cope. 

Orbit  round,  its  diameter  entering  the  length  of  the  head  five  times, 
and  a  little  exceeding  that  of  the  muzzle  and  closed  under  jaw.  The  pro- 
file is  gently  descending  and  perhaps  slightly  concave  ;  the  symphysis 
mandibuli  is  very  stout  and  presents  an  angle  outwards ;  the  inferior 
margin  of  the  dentary  is  slightly  convex.  The  maxillary  bone  is  slender. 
The  suborbital  bones  together  form  a  shield  deeper  than  wide  ;  with  the 
postorbitals  they  reach  the  preoperculum.  The  head  increases  rapidly  in 
depth.  The  scales  are  large,  and  extended  below  the  operculum  on  the 
sides  of  the  coracoid  region.  They  have  smooth  margins,  and  are  every- 
where quite  thin.  The  surface  is  glistening,  and  in  some  scales  exhibits 
under  the  microscope  delicate  parallel  lines  which  separate  short  concave 
lines.  The  middle  of  the  scale  is  marked  with  obtuse  tubercular  i*adii,  or 
small  or  minute  tubercles. 

Measurements,  M, 

Length  of  head 0.14 

''        of  mouth '. 061 

**        of  coracoid  bone 091 

Depth  head  at  eye 093 

**  "      vertex 126 

**    suborbital  bone 044 

Six  series  of  scales  between  basis  of  pectoral  fin  and  vertebral  column. 
A  mandibular  tooth  is  lancet  shaped,  and  with  minutely  striate  enamel. 
A  premaxillary  is  more  conic ;  both  are  rather  small. 
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Tliis  spcciefl  may  have  more  affinities  with  Amia  tliao  wilh  tho  Chura- 
Hnida,  A  stDglc  spcrimeu  Wiia  obtttined  in  a  clay  nodule  by  llie  natumlisU 
of  llw  U.  S.  Parnguay  Expodilion  nnder  Capt,  Pagf,  frum  tlie  iioigbliov. 
liood  of  Para.  It  was  accom;iaDied  by  Kevcral  spccimeus  of  a  Deb  Troin 
other  nodules,  wliioh  closnly  resembles  an  Anpidorhyaehai,  Mascutn  of 
I  ibe  SmitliBoaiaD  lusUtutioii. 


tf  Jmtil  Colitida  in  Idalio. 
By  E.  D.  Cope. 


{Read  hefort  the- A\ 
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or  the  five  genera  of  extinct  Cyprinidie  and  allied  forms  discoverod 
Cftpt.  Clarence  King*  in  tlie  freah  water  deposit  of  Catbnrino's  Creek, 
etc,  tdaho,  the  writer  has  been  able  to  indii%ite  tlic  afllnitiea  of  three. 
Thus  StmattiUM,  Anehyfiopni  and  2fi/loei/priaui,  were  regarded  as  repre- 
I   untationa  uf  eiisting  types  of  both  carnivorous  and  bcrbivoroua  habits. 
]   OWgoieiut  and  Diattiehut  were  not  assigned  to  any  dodnite  position  in 
'    relation  to  known  types  of  tlte  aamo  great  group,  iind  I  um  still  oumpellwl 
ta  leave  thu  former  in  tlie  same  uncertain  position.    Diattlehut  I  And,  on 
the  other  band,  presents  the  peculiar  direction  of  the  pharyngeal  teeth 
whidi  is  characteristic  of  the  CoHttda,  aud  I  suspect  tbnt  it  represents  a 
form  of  that  family.    I  am  entirely  conllrmed  in  this  conclusion  by  the 
.   iliseoveTy,   among  the  specimens  submitted  to  me   by  the   Smithunj.iu 
I    Institution,  of  the  inferior  element  of  the  three  modified  anterior  vertebi*, 
'   vrhieh  are  so  characteristic  of  certain  families  of  the  Phyiailomout  fishes, 
s  portion,  moreover,  is  that  which  occupies  this  position  among  the 
CMlidce  only  among  tUem.     It  consists  of  a  longitudinal  pinto  terminat- 
ing posteriorly  in  a  bladder-like  chamber  on  each  side,  each  of  whioh  is 
dosed  below  by  a  transvorso  process  of  the  inferior  plate  :  an  nngular 
Ssture  extends  round  the  ends  of  these,  and  at  the  angle  st'ods  a  ehoit 
continuation   upwards.     This  is  quit«  similar  to  what   is   observed   in 
Ctlntii.     The  specimen  described  is  apparently  adult,  and  indicates  a  coii- 
thlembly  smaller  species  than   either  the  DiaiticAui   macrodan  or   D. 
I  partident. 

'he  occurrence  of  Cobitidaj  is  perh.ips  the  most  interesting  fact  brought 
to  light  by  the  examination  of  these  extinct  flsheit.  Alt  of  the  numerous 
eitsting  specica  are  found  in  the  Eastern  Ilcmispborc,  and  the  great 
nwjority  in  tropical  Asia,  a  few  only  occurring  in  Europe  and  Sontli 
I  Alrica.  Extinct  species  are  found  in  the  Miocene  of  Ocningen.  We  have, 
then,  in  the  genns  Diattichu*  anotlier  example  of  the  occurrence  of  Asiatic 
types  in  North  America  prior  to  the  glacial  epoch,  and  as  in  a  fresliwatcr 
Osfa,  strongly  BuggeHtive  of  continuity  of  territory  of  the  two  continents. 


-  XoUt  Ttlatiag  to  I/m  Phj/iietU  Qeography  and  GeaUigy  of.  and  tht  ViitribU' 
thn  of  Tcnenrial  Mollutta  hi  eertain  of  llie  Weit  ladia  Ulandt. 

Bt  Thomas  Bi.axd. 

II  PhilotopMcal  Soeiefy.  S/arvh  3,  18TI.) 


(Bt-id  before  lU  Am, 


In  1801  I  publislied  (Ann.  Lje.  Nat.  Iliat,.,  S.  V.  VII.)  n  paiiei'  on  Uie 
Geograpliicfkl  distribution  of  tJie  gsner.i  and  Hpecies  or  Uoil  sIii'IIh  or  the 
Woat  India  Islandu,  aiid  in  ISSfl  (Amcricnn  Jour,  of  Conch olii^.  I.)fiii'- 
ther  papers  on  tlie  saina  subject.  From  n  study  of  such  di»triliiiiJoi], 
witlionC  referenc«  to  tlie  Pliysiwtl  Geograpliy  or  Gtology  of  tlie  Islands,  I 
nn-iveil  at  the  ooii'^lusiou  thnC  lliey  may  be  divided  into  Lhe  fivo  foltowing 
provinces  or  sections,  each  having:  n  distinct  faunal  character,  \\x,. : 

I.  Cuba  with  the  Isle  of  Pines,  Bahanins,  and  Bermudas. 

II.  Jftmaica. 

III.  Hftiti. 

IV.  Puerto  Rico  witli  Viefjue,  the  Virgin  Islands,  Sombrero,  Aii;;ni!l:i, 
St.  Martin,  St.  Bartliolomcw.  and  St.  Croix. 

V.  The  Islaods  to  the  sauth  of  those  last  montion(^d,  to  aod  itirliisiTe 
of  Trinidad. 

I  remarked  that  the  Islands  to  (he  West  of  Puerto  Rico  linvo  the  greater 
genetic,  as  well  as  npecifia  alliaoco  with  the  North  American  Continent 
iMexico  and  Centml  America,  of  coiirso,  iuoluiled],  and  those  to  the 
East  and  south,  with  tropical  South  America. 

Within  the  last  year  I  have  endeavored  to  lenm,  if  any  and  what 
evidence  may  bo  gathered  from  the  deptii  of  the  sea  around,  and  in  the 
vicinity  of  the  Inlands,  of  their  furmer  greater  proximity  to  entli  other 
and  Uie  adjacent  continents,  suCicient  to  acQonnt  fur  or  tlirow  light  on 
the  obBcrved  fnets  of  Und  shell  distribution.  The  result  is  extremely 
interesting,  and  in  the  main  confinuatory  of  the  Tioirs  above  eiqircssed. 

The  British  Admiralty  Charts  have  afforded  data,  chiefly  lo  the  100 
fathom  line  of  soundings  only,  whUo  recently,  through  the  kindnesa  of  Mr. 
Itawson  W.  Bawson,  Governor  in  Chief  of  Barbados  ami  tlje  Windiriird 
IslandK,  I  Lave  obtained  particulars  of  the  deep  sea  soundings,  taken  In 
tho  Caribbean  sea,  especially  for  Tolegnipli  Cable  purposOB,  by  United 
States  and  British  Knval  OHicei-a,  which  supply  iuformation  of  great 
value,  as  1  propose  in  this  pnper  Ut  show.  I  am  niso  indebted  for  much  in- 
formation to  "The  West  Indin Pilot,"  published  br  the  British  Admiralty. 

I  rtMerve,  for  another  opportunity,  observations  on  the  faunas  of  the 
Jirnt  thrvo  of  tlio  above  mentioned  sections,  nuw  oonfliiing  myself  to  the 
finirth  and  firth,  witli  incidental  reference  to  that  of  the  second.  Binoe 
the  data  of  my  former  papers,  my  hnowledge  of  ttio  species  iiihnbltfng  the 
Islands  embraced  in  the  latter  sections  has  been  lai'sely  Increased,  for 
wliich  my  aoknowled^menlB  are  cino  principally  to  Mr.  Ilobert  Bwift,  of 
St.  Tbiimas,  Dr.  Olovn,  of  the  UniTeraily  of  Upsal.i,  Governor  Bawson, 
i.nd  Sir.  R.  J.  Lechmere  Ouppy,  of  Trinidad. 
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Section  IV.  Puerto  Rico  with  Vieques  the  Virgin  Islands,  Sombrero, 
Anguilln,  St.  Martin,  St,  Bartholomew,  and  St.  Croix. 

Puerto  Rico,  Viequc  and  the  Virgin  Islands,  of  which  Anegada  is  tlio 
most  eastern,  stand  on  one  and  the  same  bank,  an  elevation  of  which  to 
the  extent  of  somewhat  less  than  40  fathoms  (240  feet)  would  unite  the 
whole,  converting  them  into  one  Island.  Sombrero  is  on  another  bank, 
about  40  miles  from  the  Virgin  bank,  and  23  miles  from  the  north  end  of 
the  Anguilla  bank.  The  depth  of  the  channels  which  separate  the  Som- 
brero bank  ^rom  the  Virgin  bank  on  the  west,  and  the  northern  end  of  the 
Anguilla  bank  to  the  east,  is  not  known,  but  soundings  are  recorded,  at 
their  margins,  of  100  fathoms  (^960  feet;  and  190  fathoms  (1,140  feet},  with- 
out bottom. 

Anguilla,  St.  Martin  and  St.  Bartholomew  stand  on  the  western  edge 
of  another  bank  of  considerable  extent.  Its  southeastern  end  is  14  miles 
only  from  the  Antigua  bank,  and  the  depth  of  water  between  the  two  is 
upwards  of  122  fathoms  (732  feet).  An  elevation  of  the  Anguilla  bank  of 
about  40  fathoms  (240  feet)  would  unite  the  Islands  upon  it. 

The  land  shell  fauna  of  the  above  named  Islands  is  unquestionably  the 

same ;  it  has  some  alliance  with  that  of  Haiti,  but  very  little  with  that  of 

the  Islands  to  the  south  of  the  Anguilla  bank.     Not  only  is  the  absence 

of  certain  genera  prevailing  in  Sections  I.,  II.,  and  III.  noticeable,  tut 

the  diminished  number  of  representatives  of  others  is  equally  so,  for 

example : 

ingl.  §111.     §IV. 

Megalomastoma 13  species,  1  3 

Alcadia 9       **        2  1 

Strophia 27       **        2  2 

Macroceramus 35       "      10  2 

Cylindi-ella 93       **      28  6 

The  fact  that  Megalomastoma,  Alcadia,  Strophia^  and  Macroceramus  are 
not  represented  in  the  Islands  south  of  the  Anguilla  bank  (g  V.)  and  that 
in  those  Islands  there  are  4  species  only  of  Cylindrella,  afroi*d8  striking 
proof  of  the  differeftce  of  their  faunas. 

St.  Croix  is  not  unfrcquently  classed  with  the  Virgin  Islands,  from 
which  it  is  35  miles  distant,  but  it  stands  on  a  bank  disconnected  from 
any  others  and  with  very  deep  water  around  it.  Soundings  are  on  record 
(taken,  I  believe,  by  Capt.  Parsons,  R.  N,),  between  it  and  the  Virgin 
bank,  about  the  mid-channel,  of  1,550  fathoms  (9,300  feet),  and  not  far 
from  its  northern  shore  of  2,000  fathoms  (12,000  feet),  without  bottom  being 
found. 

The  following  soundings  to  the  eastward  were  obtained  by  the  U.  8. 
5.  Yantic,  in  1870*,  between  St.  Thomas  and  Saba  : 

fathoms,     feet. 
N.  Lat  180  01'  50".     W.  Long.  64o  10'  20".— 1,825  —  10,950 
"        170  55' 00".  **  63*^  50' 30".— 1,240  —    7,440 
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Considering  the  facts  of  distiibution  already  given,  and  the  above 
mentioned  soundings,  it  seems  highly  probable  that  very  deep  water  will 
be  found  between  the  Anguilla  and  Antigua  banks. 

Ill  this  connection  it  is  interesting  to  notice  that  the  depth  of  the  sea  is 
1,37G  fathoms  (8,250  feet)  between  Cuba  and  Jamaica,  in  N.  Lat.  18^  30', 
W.  Long.  70O  03',  a  somewhat  near  approximation  to  the  Latitude  of  the 
great  depth  between  the  Virgin  bank  (St.  Thomas)  and  Saba. 

The  fauna  of  St.  Croix  is  closely  allied  to  that  of  Puerto  Rico,  and  seeing 
the  depth  of  water  between  them,  it  is  a  significant  fact  that  Caracolla 
{Helix),  caracolla  L,  one  of  the  characteristic  species  of  the  latter,  is 
found  subfossil  only,  with  other  extinct  8i>ecies,  and  among  them  a  <SiropAki, 
in  the  former.  Megalomastoma,  Alcadia,  and  Macrocerumua  do  not  exist 
in  St.  Croix,  while  there  is  one  species  of  Cylindrella.  With  further 
reference  to  the  soundings,  tlie  Latitude  of  Jamaica,  and  the  nature  of 
the  fauna  of  St.  Croix,  I  should  mention  that  Megalomastoma  and  Strophia 
have  none,  vmd,  Afdcroceramvs  one  representative  (a  Cuban  species)  in 
Jamaica,  in  which  Island  there  are,  however,  14  species  of  Alcadia  and 
51  of  Cylindrella,  Sombrero  has  one  living  species  (Chondropoma  Julieni 
Pf.)  which  is  also  found,  with  a  StropJiia,  embedded  in  the  phosphatic 
limestones  of  that  Island. 

Professor  Cope  lately  referred  to  mc,  for  determination,  shells  from  the 
matrix  between  the  femoral  condyles  of  Loxomylus  latidens.  Cope,  one  of 
the  great  extinct  Rodents,  the  bones  of  which  have  been  found  in  the 
caves  of  Anguilla.  The  shells  are  closely  allied  to  Tudora  pupaefi^rmis. 
Sow,  now  living  on  Anguilla,  and  apparently  identical  with  an  unde- 
termined species  which  inhabits  St.  Martin. 

Section  V. — Subdivision  1.  Islands  on  the  St,  Christopher  and  Antigua 
banks,  Montserrat,  Guadeloupe,  Dominica,  Martinique,  and  Barbados*, 

Subdivision  2.  St.  Lucia,  St,  Vincent,  Grenada  and  the  Grenadines,  To- 
bago, and  Trinidad. 

In  former  papers  I  did  not  treat  the  fauna  of  the  Islands  in  this  section 
ns  capable  of  subdivision,  but  with  my  present  increased  knowledge  must 
necessarily  do  so. 

Immediately  to  the  south  of  the  Anguilla  bank  there  is,  to  the  eastward, 
a  bank  on  which  stand  Harbuda  and  Antigua,  and  to  the  westward,  another 
(separated  from  the  adjacent  Islands  by  channels  of  a  greater  depth  than 
200  fathoms,  1,200  feet),  which  constitutes  the  base  of  St.  Eustatius,  St. 
Christopher,  and  Nevis.  At  a  short  distance  from  the  northern  end  of 
the  latter  bank  stands  Saba  (about  2^  miles  in  diameter,)  rising  perpen- 
dicularly from  the  sea  to  the  height  of  2,820  feet,  with  the  100  fathoms 
(000  feet)  line  of  soundings  about  half  a  mile  from  its  western,  and  ajittle 
more  than  half  that  distance  from  its  eastern  side.  Late  soundings  between 
St.  Eustatius  and  Saba  (Lat.  17°  31'  10",  Long.  03^  08'  30")  give  a  depth 
of  343  fathoms  (2,0o8  feet). 

*  T  omit  mention  of  several  small  Islands  geo^apblcally  belongingto  those  enumerated  in  both 
subdivisions. 


59 


tBtitad. 


fathoms,    feet. 

Long.  Gl 

48'.       348  —  3,088 

"     Bl 

37'.        850-3.700 

••     01 

30'.     1,078  —  0,468 

"     fil 

04'.    1,233-7.398 

"     01 

aO'.     1,346—8,076 

'Within  3  mileii  S.  W.  from  Saba  is  the  9aba  bank,  which  tovmi  nearly 
»  pArallelogram,  its  longest  sides  about  S2  miles  aud  its  sliortost  about  20 
miles  in  extent,  tho  eastern  edge  fringed  with  a  narrow  ledge  of  livin;; 
coral,  sand  und  rock,  nearlf  30  uiiles  in  leugtli  and  varying  iu  depth  from 
ej  to  10  fathoms. 

It  is  i-emarknble  tliat  an  elevatiun  siinilar  to  that  mentioned  with  re- 
rennce  to  the  Virgin  and  Anguilla  banks  (less  tlian  40  fathoms, )  would 
unite  Barbuda  and  Antigua,  also  St,  Eustatius,  St.  Christopher  and  Nevis, 
and  convert  the  Saba  bank  into  nn  Island. 

With  reitpeet  to  Guadeloupe,  Dominica,  Martinique,  &o.,  the  following 
pnrticuLirs  of  soundings  lately  taken  by  the  U.  S.  S.  "Yontiu,"  Cotn- 
mandvr  Itwin,  are  extremely  interostinK  : 

Between 
Antigna  and  Guadeloupe,      Lat,  10^40'. 
Guttteloupe  aud  Dominica,       "     IH'' 43'. 
Dumiuica  aud  Martinique,         "     l.'i^  OG'. 
JIartiuque  and  St.  Lucia,  "     14^  IT'. 

St  Litcia  and  St.  Vincent,        "     IS-"  33'. 

Capt.  Parsons,  K.  N.,  found  on  a  line  of  soundings  from  St.  Vincent  to 
B«c1»dns,  depths  of  3~iO,  0.')6,  1,214  in  (about)  Lat,  13^  05',  Lon);. 
W^  20',  1,211,  and  147  fathoms,  the  greatest  ascertained  depth  being  equal 
to  7,308  fe«t. 

Tho  name  officer  obtained  the  followini;  results  from  soundings  between 
Barbados  and  Tobago,  viz.  : 

I_  fathoms,    feet. 

L     K.  Lat.  13C  00'.    W.  Ung.  50  J  40'.     300—1,800 
■  ..         13>^40'.  "  "  570  —  3,430 

H         "  12J30'.  "  m-'W.     780—4,080 

K         "  12^10'.  "  00:^05'.  1,080  — 0,180 

H        '■  11^40'.  "  60^10'.  1,000  — 0.800 

■         "  11'^  37'.  "  BtP  21'.      500  —  3, 000  without  bottom. 

Khave  already  given  the  depths  between  Martinique  and  St.  Lucia,  that 
ManitandSt,Vinceutandthelatt«randBarbndoB.  St.  Vincent iaseparated 
rrum  the  nonhernend  of  the  Grenada  bank,  on  wliicti  Grenadaaud  the  Oren~ 
»d[iiMai(t  situated,  by  a  narrow  channel,  not  over,  Capt.  Parsons  remarks, 
MO  r^ithoms  il  .800  feet)  deep.  The  Grenadines  consist  of  a  uliain  orislands 
and  recks  extending  for  CO  mites  between  Greuada  and  St.  Vincent.  The 
dcpUi  found  on  aouudioga taken  by  the  "Tantic,"  gave  on  and  near  to  tlis 
v«i,t  side  of  St.Vineent,  in  about  the  Latitude  of  its  northern  end,  1,080 
fatltemii  (6480  feet),  opposite  the  channel  to  the  south  of  St.  Vincent  5B4 
bUioms  (3,504  feeti,  and  along  the  West  side,  in  close  proximity  to  tha 
,  <jraaada  bank,  from  North  tuSoutb,  830  fathoms  C6>280  feet),  801  fathoma 
W  feet),  016  fathoms  (5,400  feet),  and  Wi  fathoms  (3,370  feet). 

d  and  Tobago  are  on  soundings  (less  than  100  fathoms),  both 

k  bl  dot  on  the  submarine  slo[ie  of  the  South  American  Continent, 

"~iu  deeper  water  found  by  tho  "  Yantic"  between  the  former  Island 

PUie  Grenada  bank,  in  (about)  Lat.  II-  50',  Long.  Oi-  43',  wai  380 
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fiitlioins  (3,310  foot),  wliile  the  tnaiimuin  ilepth  kiiovti),  fis  above  stated, 
between  Tobago  and  Barbados,  is  1,060  fallioniB  ((t.^lGO  feet). 

It  appears  fi-oni  the  roivgoing  ovideiioe,  tbat  Trinidai),  Tobago,  tbo 
GreitBila  bonk  [hxi  elevation  of  wbicli  to  the  ext«ut  of  40  rath»ini(  would 
give  an  li'Innd  nearly  100  ta'ihs  in  length),  and  St.  Viiireiit,  stand  on  a 
partially  snhmcri^d  ridge,  an  extension  of  tlie  South  American  Cor.tinetit, 
having.  s»j,  l.OOOfattioitiBdcpthof  WEttei'on  tbe  west  side,  andatill  gi'cttter 
depilis  between  its  uorthei'n  tenuiiiation  and  St.  Lucia,  alau  on  its  ea«t«ru 
side  between  it  and  Barbados,  and  between  Uie  latter  Island  and  Tolutgo. 
The  Bummit  of  this  ridge  is  9,81(1  feet  beneatli  the  level  of  tlie  sea  be- 
tween Trinidad  and  the  Grenada  bank,  aud,  any.  1,800  Teet  betweni  that 
and  St.  Vincent,  whilo  the  altitudes  above  the  noa  arc,  of  Tiinidad  il,100, 
Tobago  1,800,  Grenada  2,746,  ajid  St.  Vincent  about  3,000  feet. 

The  genera  and  species  of  land  Mollunkd  wliiuli  occnr  i»  tlie  IsLinda  on 
tlie  "eubtnerged  ridge"  jnst  mentioned  (Trinidad  toKt.  Lucia  incluaiTe)^ 
are  ohieltjr  allied  to  those  which  are  cbaracteriatic  of  Venezuela,  the  por- 
tion of  the  Continent  contiguous  to  Trinidfid.  The  epccies  of  Jlelir, 
in  its  wide  application,  including  Stenopvt,  Hyalina.  and  Zanittt,  are  \ii 
only  in  number,  while  there  are  of  Balimni  [as  lestrictodby  Alberu}  S,  and 
of  Balimulit  14  species,  the  total  number  of  »pudos  of  the  latter  iu  the 
West  Indies,being  about  38.  Tha  *ubg«na»  Benltlliiria  {BfHt)  is  chaiiictflr- 
istic  of  the  Islands,  embraced  iu  Sulidivision  1  of  Section  V..  but  has  few 
representatives  in  those  named  in  Subdivision  a,  D.  ptrpliKi,  Fer.,  is 
peculiar  to  tlnj  Grenadines  and  Grenada,  I).  IiabtUa,  Fer.,  is  common  to 
one  of  the  Grenadines,  Barliadoa,  and  Cayenne,  iFrcndt  Guiiina,)  and  D. 
erbiculala,  For.,  to  St.  Lucia,  Martinii|ue  and  Cayenne. 

The  genus  SuUmu»,  of  wliicl)  the  fubgenera  represented  uro  Borut, 
Frlnri/fhilut,  and  Evrytu*,  all  South  Anioi-ican,  occnrs  in  the  W<!st  Indiea 
only  In  the  group  (subdiviBion  2)  embracing  St.  Luoia  aiid  Trinidad  aud  tit* 
intermediate  Island",  Borut  ohlongut  inhabits  ISarbadoH,  but  it  was 
introduced  there  from  St.  Viucenl  by  the  law  Rev.  Mr.  Paricinson. 
EvryUii  nulaeottylnt,  Pf.,  occnrs  both  iu  St.  Lucia  and  Demei-ara. 
With  rwpect  to  Trinidad,  it  is  cei-tainly  curious  that  we  have  them  ■ 
iipecies  of  Dlplofumalina  (D.  JfuilonS,  Pf.)  and  of  Eanra  {B.  Mfahr, 
Uutton).  tlie  latter  found  also  In  Gicnada  and  St.  Thomas,  i>olh  living  In 
the  East  Indies.  Guppy  has  lately  diiicovercd  a  species  to  which  lie  haa 
given  the  generic  name  of  Blandulla,  but  it  is,  I  thiulc,  a  TraneaMlii, 
allied,  nt  least,  to  the  sub^.iua  TuMlia,  U.  and  A.  Adamn,  the  tjiie  oC 
which  is  T-  porretlii,  Gould,  of  Talieiti. 

The  land  shell  buna  of  the  Islandaiii  subdivision  S  hftvo  marked  a11iuic9. 
with  that  of  Cayenne.  There  aifi  on  that  group  six  species  of  Helix  which 
are  also  found  in  Cayenne,  vis.  :  Dtmtflliirlu  orbietitata.  nui-denlievlatn, 
drniiaut,  hahtHa,  badui,  and  Tlulidomut  ditealor.  The  genus  Vyelnphurut 
lias  DO  leM  than  seven  species  in  Marliniiiuo.  Dominion,  and  niiad<'1oupe, 
but  none  in  any  other  part  of  the  West  Indies,  while  one,  a  dUTarent 
xpecies,  inhabits  Cayenne.  In  Barbados  no  member  of  the  family; 
Cyelostomaoea  has  been  discovered.  I  have  alnsady  referred  to  soma 
other  peculiarities  of  this  fauna  as  compared  with  that  of  the  UUnda 
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vi»l>nioed  in  K«i;tii>n  TV,  nnd  slioutd  add  tliat  DenUillnria  doet  noi  occur  in 
tkiM  Iblaiula.  Helix  t)n>dbiiniiut«R  tivev  llnlimui  in  NortU  America  and 
Ilie  UUniis  in  Actions  t.,  11.,  III.,  nnd  IV,  while  the  rcwrso  is  the  fiwti 
in  Sinil.li  Anwrioat  .ind  tlioii)  ix  at  least  an  increiwrd  jH'oportiouftta  nma- 
]ier  oT SuUmvt,  as  oumport^d  with  Ualix  in  Sc'ctioii  V. 

I  havo  spokon  or  a  "ridge"  on  whicli  tlie  IiilnndR  in  eiit)divi»ion  S  of 
tliat  section  stitnd  (l^t.  Lucia  excepted),  aiid  must  remnrk  in  addition, 
tint  there  mny  havi^  existed  an  i<xt«itsii~<n  cr  the  South  American  Con- 
tinent, fi'om  tiiR  cutern  iKinndnry  of  Quiiuui  to  soma  point  west  of  the 
Oreniula  liauk,  and  runuiug  North  to  Che  neigbbovhooil  of  the  AnguUla 
Utnk,  on  tile  irt^storn  side  of  nliicli  extunsion  tliere  wuo  tlie  fauna  now  to 
b«  titudieil  in  tlie  lulandn  fi^ni  St,  Lucii^  to  Trinidad,  anil  on  Iho  eastern 
(iilo,  in  l.lioM!  from  the  6t.  Christuplier  nud  Antigua  Imnks  to  Barbados. 

ltrfi>r«nce  liaM  been  mudc  to  tlio  similarity  of  depths  in  ncarl}r  the  snme 
Latitudu  bi^twcvn  Jiunnica  nnd  Cuba,  and  Saba  and  the  Vir{;in  bank. 
Mr.  Itawson  baa  directed  my  attention  to  a  eoniparisou  of  the  rollowinj; 
depths  in  ilie  (!arilibcau  sea.  aacertaiueil  by  soundings  between  Kingston 
iJamnim*)  and  Cliagrei,  nud  those  between  Barbados  and  Tobago  : 
UtlS-W.  Lung.  79^  85'— B34  fa,  Lilt.  12^  10',  Long.  Bfr^O.'i'— t.OSOfa. 
"  11'  av,  ■■  7fr^S0'— OHflfii.  "  11^40',  "  «0;' 10'— 1,000 fa. 
TakitiK  »  wide  view  of  land  Bhell  distribution  in  the  West  Indies,  it 
may  tic  wiiil  thut  Uie  fauna  of  the  Islands  on  the  nonhern  side  of  the 
Carlbbeui  oea,  fKim  Cuba  to  the  Virgin,  and  An^lla  banks,  was  derived 
fram  Mexiroand  Central  America,  and  tlint  of  the  Islands  of  the  eastern  * 
tide,  from  the  Aniigna  and  St.  Cliristopbcr  banks  to  Trinidad,  from 
trapieni  ^outli  Amcriea.  It  in  noticeable  that  the  mountains  in  the  former 
UAnda,  ren];e,  generally,  from  Went  tn  t^net,  but  in  the  latter  fi-om  8ontll 
to  North,  excepting  in  Tobago  nnd  Triiiidiid,  where  they  are  parallel  with, 
or  in  tli<f  tiame  direction  as  the  const  mmintiina  of  the  adjacent  continent. 
The  prewnt  geological  condition  of  llie  Islands  aflbrds  ample  evidence 
of  tito  ln|>»o  of  vast  periods  of  time  in  the  cailiev  tertiary  epochs,  duiiug 
which  Ihe  Limesluue  formations,  extensively  developed  in  moat  of  the 
Iilaiuin,  were  deposited.  The  white  Linic«tcmc  of  Jamaica,  referred  by 
Sawkins  (Geology  of  Jiunaica,  London.  1869),  to  the  Post  Pliocene, 
Mveni  more  tlinn  tiiree-fourths  of  the  Ulnnd  and  is  computed  at  31)00 
Ibet  in  tbiukncHS.  It  restB  on  the  yellov  Limestone  (Miocene),  which,  he 
r«inarks,  during  the  deposition  of  the  former,  "sauk  to  great  depths,  in 
e  places  appnroTitly  301)0  feet,  so  as  to  pei-mit  the  growth  of  those 
tt  coral  structnrea,  from  the  drhris  of  whioh  the  onormouN  cnlcnreons 
t  of  the  white  Limestone  has  been  derived.  The  lajise  of 
[1  for  tliese  important  phonomona  cannot  be  easily  realiticd  by 
iBtagitMtion." 
it  tlw  Islands,  or  some  of  them,  -were  formerly  united  and  formed 
nt  continent,  may,  it  would  seem  for  various  reasons,  be 
I,  nnd  the  discovery  of  mammnliivn  and  other  remains  in  Anguilla, 
itc.i  is  an  important  one. 

>  Wnk,  vliliio  aimlln  oritocmutliBrii  tlHnct  of3ian\r\  win  m  clr>tuinn  aC  3)  tn 
Id  0ve  4UI  Iilinil  IM  nilU^a  luas,  Xc  In  brroaih  uoir  \U  Esuln,  ind  ii  at  lU  wHtcin 
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TEefeiringtotbc  Aoguillit  caveremainB,  Prof.  Coperemarki'  (Proc.  Acail. 
N.  B.  Pliila.,  1908)  on  their  iadicatiug  "tbat  tlio  Caribbean  continent  had 
not  been  Eubmerged  prior  to  tho  cloae  of  tlie  Post- pliocene,  and  tliat  its 
connection  was  with  tbo  other  Antilles,  wbilo  a  wide  btrait  separated  it 
from  the  then  comparatively  rem  ale  Kborea  of  North  America." 

The  occurrence  with  the  Anguilla  fossils  of  a  land  shell  of  a  species 
now  living,  points  to  the  age  of  tlie  existing  launa,  but  the  marked 
difference,  both  generic  and  Bpecific,  between  the  present  land  shell  fnann 
of  the  Islands  npon  and  to  the  Ncnth  and  West  of  tbo  Anguilta  bank  and 
th«se  to  the  Soutli  of  it,  may  be  taken  as  evidence  of  their  e.irly  and  c 
tinued  separation. 

Captain  Parsons,  in  MS.  Notes  on  tho  Geology  of  some  of  the  West 
IndioB,  for  a  perusal  of  which  I  am  indebted  to  Jlr.  liawson,  observes 
that  the  eastern  or  windward  edye  of  tbo  Gren-ida  hank  is  at  an  average 
diatanco  of  T  miles  from  the  Islands,  whiie'lho  westeru  edge  is  not  moii 
than  two-thirds  of  a  mile,  and  tliat  there  is  a  gimilur  great  dispaiity  ii 
other  of  the  banks  and  Islands.  Ho  concludes  that  such  incre.-Lsed  develop- 
ment of  the  eastern  over  the  western  sides  is  primarily  due  to  the  ei]UB- 
torial  current,  which  running  for  ages  through  the  Islands  has  brongbt 
and  deposited  material  on  the  windward  idde.* 

Oo  this  subject,  the  following  ^guotation  from  "The  Natural  History  of 
Barbodoes,''  by  the  Rev.  W,  Hughes,  London,  1750,  Is  really  interesting, 
und  particularly  so  In  connection  with  the  views  of  Sawkins  with  regard 
to  JainaicA. 

"  The  cnrrent  of  the  Deluge  between  tho  Tropica  ran  from  East  to  West. 
Notice  the  shattei-ed  condition  of  the  eastward  side  of  the  chain  of  hills 
and  clifls,  which  are  as  barriers  to  the  Island  (Barbados'!,  from  Cuckold's 
Point  to  Conset's  Bay,  for  as  they  face  the  East  their  torn  state  on  thnt 
side  alone  and  no  where  else,  shews  that  they  not  only  by  their  Eiliiatii 
Hrst  stemmed,  but  as  tbey  wn'o  higher  than  any  other  part  of  the  Island. 
they  wholly  bore  the  repeated  porcuesious  of  the  current  in  the  gradual 
OBcent  of  the  Peliigc.     Notice,  also,  the  coping  figure  of  the  Island  irom 
East  to  West,  for  if  wo  view  nari'uwty  the  several  gradual  descents  of  so 
many  continued  ridges  of  rack,  like  cascailes,  descending  precipitnnaly 
to  tho  westward  (for  instanw,  tlio  long  chain  of  hilts  from  Mount  Oilboa, 
in  St.  Lucia's  Parish,  to  the  Block  Rock  in  St.  Hlchaersj,  we  shall  oon- 
cludo  from  the  dMp  soil  on  the  eastward  of  these  where  the  land  is  levvl. 
and  from  tho  rugged  and  bare  wasliedsurf^oofthewcst,  that  the  Inttcr  wua 
thus  torn  by  tho  violence  of  the  waters  fulling  over  them,  and  the  former,  1 
the  effect  of  tho  snbnided  sodlmeut  upon  Ihe  decrease  of  the  ]>eliig«.  I 
The  want  of  sucliabed  of  rocks  from  Blnck  Rock  to  9t.  Anne's  CaaUe  I 
eunsed  the  chnsm  which  opens  to  the  sea  throiijih  Bridgetown  uppoaile  1 
to  the  Valley  of  St.  George's.     The  course  of  the  ^lullies  is,  too,  fVom  East    | 
to  West,  and  thoy  wore  caused  by  the  current  of  the  Iieluge,  lliu  regular 
courae  of  whfcl)  to  the  vrestward  between  tho  tropics  was  tho  natural  con- 
sequence of  the  easterly  Inide  wind.*' 
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Sawking,  in  tlio  Report  on  Jamaica,  to  winch  I  have  already  referred, 
shows  that  the  highest  elevations  on  that  Island  are  situated  to  the  east, 
and  the  Inclined  slope  rises  from  the  west.  With  respect  to  this,  he 
draws  *' deductions  from  two  important  elements: 

*'  1 .  The  great  equatorial  currents  have  existed  in  times  past  as  at  present. 

"  2.  That  the  trade  winds  also  prevailed  with  the  same  uniformity." 

Referring  to  vestiges  of  volcanic  action  and  certain  stmtified  deposits 
towai-ds  the  eastern  end  of  the  Island,  containing  pebbles  and  debris  of 
previously  existing  rocks,  Bawkins  remarks :  **  This  (volcanic)  action 
might  have  operated  intermittently,  so  as  to  pennit  the  growth  of  coral 
reefs,  marine  animals,  &c.,  of  which  the  remains  are  contained  in  the 
limestone  formations.  Again,  supposing  the  deposits  to  have  originated 
from  local  igneous  or  volcanic  action,  or  from  debris  derived  from  islands 
to  the  east,  submersion  having  intervened,  the  lighter  materials  and  finer 
sediment  would  be  transported  by  the  currents  to  the  westward,  these  in- 
fluences combining  with  subsequent  changes  of  level,  account  for  the 
prolongation  of  the  land  to  the  westward." 

In  connection  with  the  facts  sta{:ed  I  can  only  incidentally  refer  to  the 
barrier  presented  by  Trinidad,  Tobago,  the  Grenada  bank,  and  St.  Vincent 
to  the  distribution,  to  the  westward,  of  marine  forms  living  at  greater 
depths  than  400  fathoms ;  and  to  the  same  barrier  and  others  offered  by  the 
Islands  and  banks  to  the  North  of  St.  Vincent,  to  the  flow  of  the  equatorial 
current  into  the  Caribbean  sea.  Also  to  the  existence  of  a  cold  current  at 
great  depths  between  Barbados  and  Tobago,  shown  by  the  temperatures 
ascertain';d  by  Capt.  Parsons,  viz.  : 

Surface,  Max.  79^  Fall.,  at  1,030  fathoms,  Min.  38° 
u      goo     **      .«  i^OGO  **        "      38-.5 


Sta ted  Meet ing^  Ma rch  17,  1871. 

Present,  seventeen  members. 

Dr.  Wood,  President,  in  the  chair. 

Photographs  of  Mr.  Frederick  Graft* and  Prof.  D.  F.  Sandbcr- 
ger,  of  Wiirzbnrg,  'v\  ere  received  for  the  Album. 

A  letter  of  envoy  was  received  from  the  Swedish  Bureau  of 
Statistics. 

Letters  of  acknowledgment  were  received  from  Ilerr  Ilai- 
dinger.  of  Vienna  (for  Proc.  No.  81,  82) ;  Dr.  D.  F.  Sandbergcr 
(81,  82,  83);  Edinbourg  Observatory  (82) ;  Prof.  Bunsen  (82, 
83);  Prof.  Kirchhoff'(82,  83) ;  Smithsonian  I;istituteand  Essex 
Institute  (85) ;  Ilarrisburg  State  Library  and  Baltimore  Pea- 
body  Institute  (Proc.  85  and  Trans.  XI  V.-III.) ;  D.  11.  Storer, 
Yale  College  (85,  XIV.-I.) ;  West  Point  Academy  Library 
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(85,  XI V.-IIL);  N.  Y.  N.  H.  Lyceum,  New  York,  New  Jersey, 
and  Massachusetts  Historical  Societies,  Boston  Public  Library, 
and  American  Antiquarian  Society  (all  for  Trans.  XIV.-L). 

An  extract  from  a  letter  of  Mr.  Carlier  to  Mr.  Durand, 
respecting  the  Michaux  Legacy,  was  read. 

Donations  for  the  Library  were  received  from  the  R.  Prussian 
Academy,  the  Society  at  Ley  den  (Flora  Batava),  the  Sta- 
tistical Bureau  of  Sweden,  the  Museum  of  Com.  Zool.  of  Har- 
vard College,  Prof.  Mayer  of  S.  Bethlehem,  the  College  of 
Pharmacy,  Medical  News  and  Penn.  Monthly,  of  Philadelphia, 
Mrs.  M.  E  Tyson,  of  Baltimore,  the  State  Geologist  of  Illinois, 
the  Minnesota  Historical  Society,  and  Mr.  W.  H.  Jackson. 

The  death  of  Judge  Conyngham,  of  Wilksbarre,  Pa.,  a  mem- 
ber of  the  Society,  was  announced  by  the  Secretary,  and  on 
motion  of  Prof.  Crcsson,  the  Rev.  Bishop  Stevens  was  ap- 
pointed to  prepare  an  obituary  notice  of  the  deceased. 

The  death  of  Prof.  Charles  M.  Wetherill,  of  Lehigh  Uni- 
versity, Pa.,  was  announced  by  the  Secretary,  and  on  motion 
of  Prof.  Cresson,  Prof.  Frazer  was  appointed  to  prepare  an 
obituary  notice  of  the  deceased. 

Prof.  Cope  exhibited  a  suite  of  fossils  obtained  by  further 
exploration  of  the  Bone  Cavern  near  Port  Kennedy,  and  in- 
formed the  members  of  the  progress  of  the  examination.  A 
discussion  ensued,  in  which  Prof.  Cope  expressed  his  views  of 
migration,  considering  that  the  higher  types  belonging  to 
Eocene  and  Miocene  ages  (including  the  fresh  water  fishes, 
Idaho),  being  all  Asiatic,  show  a  land  emigration  over  the 
space  now  occupied  by  the  North  Pacific  Ocean.  When  this 
fauna  was  destroyed  by  cold,  the  sinking  of  the  North  Pacific 
area,  and  the  ice  barrier  together  prevented  its  restoration. 
It  was,  therefore,  replaced  by  a  fauna  of  a  lower  type  from 

Central  America. 

Mr.    Chase   communicated   his   views  of  the  anticyclonic 

character  of  our  winds  and  periodic  storms  between  the  25° 

and  46°  N.  Lat.  i)arallels,  and  between  the  meridians  of  Pas- 

saniaquoddy  and '100°  West. 

Pending  nominations  Nos.  661>,  670,  and  new  nominations 
Nos.  671,  672,  673,  674,  were  read. 

And  the  meeting  was  adjourned. 


March  17, 1871.]  ^'^  (Clmso. 

Winds  of  the   United  Stutes. 
By  Pliny  Earle  Chase. 

(Read  before  the  American  Philosophical  Society ^  March  17,  1871.) 

Notwithstanding  Ferrers  mathematical,  and  Galton's  j)ractical,  demon- 
stration  of  the  temlcncy.  in  winds  of  propulsion,  to l)ecome  anti-cyclonic, 
many  meteorologists  regard  cyclonic  atmospheric  currents  as  normal,  in 
fair  as  well  as  in  stormy  weatlier.  Such  an  impression  may  be  natui*ally 
strengthened  by  the  admitted  facts,  that  most  of  tlie  European  winds  are 
cyclonic,  that  all  currents  flowing  in  towai-ds  a  centre  of  low  pressui-e, 
speedily  become  cyclonic,  and  that  the  system  of  aspiration  induced  by  the 
diminished  pressure  at  the  equator,  is  the  pwximate  cause  of  all  our  at- 
mospheric circulation. 

But  it  should  be  remembered  on  the  other  hand,  that  the  noitnal  mo- 
tion of  the  principal  oceanic,  atmosi)heric  and  magnetic  currents,  both 
polar  and  equatorial,  and  the  daily  veering  of  the  wind  consequent  on  the 
progressive  heating  of  the  earth's  surface,  are  confessedly  anti-cyclonic; 
that  centres  of  violent  and  rapid  commotion  must  necessarily  cover  a 
smaller  area  than  the  less  disturbed  peripheries  which  help  to  restore  the 
equilibrium;  that  the  air  drifts  more  often  in  alternate  ridges  and  troughs 
than  in  spinils;  and  that  downward  pi-essure  is  tl.e  impelling  force  by 
which  the  partial  vacua,  produced  by  increase  of  temperature  or  by  con- 
densation of  vapor,  are  supplied.  Each  of  these  considerations  is  indicative 
of  systems  of  winds  over  the  entire  glol)e,  which  are  normally  anti-cyclo- 
nic, and  only  exceptionally  cyclonic.  Even  in  storms,  the  blending  of 
opposite  currents  may  take  place  at  a  circumference  as  well  as  at  a  centixS 
and  condensation  of  vaj)or  mny  Ikj  going  on  along  an  extended  line,  tln^ 
equilibrium  being  restored  by  the  pressure  of  an  adjacent  ridge,  as  well 
asover  a  limited  area  towards  which  there  is  an  influx  from  all  quartei*s. 
There  may,  therefore,  l>e  anti-cyclonic  as  well  as  cyclonic  storms.  In  fact, 
as  I  stated  at  the  last  meeting  of  the  Society,  most  of  our  recent  storms 
have  been  of  the  former  character,  and  the  more  closely  I  haves*',rutinized 
the  Signal  Service  observations,  the  more  strongly  have  I  been  impressed 
with  the  belief  that  most,  if  not  all,  of  our  north -easterly  storms  are  anti- 
cyclonic  as  a  whole,  though  they  may  be  accompanied  by  limited  and 
comparatively  insignitlcant  local  cyclones,  and  although,  in  consequence 
of  the  trend  of  our  Atlantic  coast  and  the  in-draught  towards  the  gulf 
stream,  they  may  assume  a  form  more  or  less  cyclonic  as  they  leave  our 
shores. 

The  charts  in  Coffin's  Winds  of  the  Northern  Hemisphere,  seem  to  me 
to  furnish  ami)le  confirmation  to  these  views,  although,  in  consequence 
of  their  very  admirrtble  fulness  of  detail,  general  tendencies  are  some- 
times disguised  by  the  local  deflecting  influences  of  mountains,  lakes  and 
valleys.  In  order  to  eliminate  such  local  disturbances,  I  have  grouped 
by  States  and  Territories,  all  the  winds  in  the  first  volume  of  the  **  Re- 
sults of  Meteorological  Observations,''  from  1854  to  1859  inclusive,  and 
computed  the  resultant  for  the  entire  period  for  each  district. 
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T.     Numbey  of  Winds  from  each  cardinal  point. 

N.  N.K  E.  S.E.  S.  8.\V. 

British  America 1651  351>9  853  2645  2098  4735 

Maine 2008  4a31  1108  26W  2248  6349 

New  Hampshire m)  1464  1234  1607  933  2652 

Vermont a58.5  761  401  1150  6225  2018 

Massachusetts.    3681  7158  2619  6068  3802  13656 

Rhode  Island 133  618  73        120  241  720 

Connecticut 1560  2636  675  1569  1842  4a')2 

New  York 4&'^9  6581  3692  6582  8676  14314 

NewJei-sey 1016  259i*  6."8  1123  1056  4158 

Pennsylvania 4656  (>399  6743  6848  6398  13617 

Delaware 39  147  59         90  42  164 

Maryland  4  D.  of  C l&'iO  2849  1082  1674  2621  3812 

Virginia 372.5  3230  1759  1790  4,")90  5616 

North  Carolina 1019  1760  470  612  809  2019 

South   Carolina 1248  32.52  1036  2026  1505  3989 

Georgia 1585  .%436  2a52  2;595  2415  3240 

Florida 2374  (U55  2<i51  3831  1411  4*265 

Alabamii 676  508  548  1307  734  859 

Mississippi 92:^  925)  738  1211  971  1253 

Louisiana 736  96^  194  1040  793  782 

Texas 4357  1011  UCS  2966  5871  1510 

Tennessee 567  649  316        884  980  7'>5 

Kentucky .  604  1343  447        762  1218  3159 

Ohio 3151  5277  1976  6509  4742  14747 

Michigan 2079  3508  2776  3427  3061  7300 

Indiana 1449  1086  990  1853  1910  2901 

Illinois 3510  7151  3593  6963  8026  11218 

Missouri .  531  492  678  1195  906  838 

Wisconsin 3321  4932  2689  4073  41  ")0  6967 

iowa 2249  3144  1<>36  5370  3»VI8  5891 

Minnesota 915  753  910  7S2  1469  710 

Nebraska .  1U35  436  235        598  1226  434 

Kansas 984  491  360        757  1371  559 

Mexico 172  345  73          59  68  144 

California i«5  2a5  185        904  1272  1175 

Bahamas 163  348  252        292  217  418 

Guatemala 56  806  18          16  3  262 

Surinam 89  803  417        427  141  .39 

II.     Perccnt^ages,  and  Resultant  Winds. 

N.     N  E.     E.  S.E.       S.  S.W.    W.   N.W. 

British  America 7  15        4  11        9  20       13  21 

Maine 7  14        4  9        7  21       11  27 

New  Hanipshii-e 5  9        7  10        6  16       19  28 

Vermont 17  4        2  6  31  10       1 »  20 

Massachusells 6  11         4  9        6  22       13  29 

Rhode  Island 4  17        2  4         8  23        6  .% 

Connecticut H  13        3  8        9  22        7  30 

New  York 6  9        6  9  12  20      21  18 

New  Jersey 6  15        4  8        6  24       14  23 

Pennsylvania 6  8        9  9        8  17       22  21 

Delaware 4  16        6  9        5  17       10  33 

Mar>iaml  &  1).  of  C 7  13        5  8  12  17       20  18 

Virginia 13  12        6  6  16  20       12       15 

North  Carolina 10  18         5  5         S  21       21  12 

South  Carolina 7  19        6  12        9  23       10       14 

Georgia 7  16        9  12  11  16       12  19 
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Florida 9 

Alabama. 10 

Mississippi 11 

Louisiana 14 

Texas 23 

Tennessee 11 

Kentucky 6 

Ohio 6 

Michigan 6 

Indiana 9 

Blinois 6 

Missouri 8 

Wisconsin 9 

Iowa 7 

Minnesota 10 

Xebraslca 21 

Kansas 19 

Mexico 16 

California 15 

Bahamas 8 

Guatemala 5 

Surinam 5 


This  grouping,  by  exliibiting  the  excess  or  deficiency,  in  the  percent- 
age of  any  given  wind,  from  the  percentage  of  tlie  same  wind  in  adja- 
cent districts,  shows  local  iiTegularities  which  are  often  easily  explicable 
by  tlie  physical  features  of  the  neighborhood,  and  enables  us,  by  plotting 
tlie  general  resultants  on  a  map,  to  demonstrate  the  anti-cyclonic  motion 
of  the  air,  over  the  entire  region  between  the  twenty-fifth  and  forty-fifth 
parallel  of  latitude,  and  between  Passamaquoddy  Bay  on  the  east,  and 
the  100th  meridian  on  the  west.  It  shows,  moreover,  that  there  is  a  nor- 
mal intersection  of  a  polar  (N.  E.)  current  oflf  the  coast  of  Florida,  with 
an  equatorial  (S.  W.)  current  from  the  Bahama  Islands,  and  a  similar  in- 
tersection of  a  south-easterly  and  south-westerly  equatorial  current,  (the 
latter  having  been  refrigerated  by  the  Sierra  Nevada,)  near  the  common 
boundary  line  of  Nebraska  and  Kansas.  The  former  of  these  intersect 
tions  is  analogous  to  the  one  referred  to  by  Mr,  Scott,  as  indicative  of  an 
approaching  gale  in  the  British  Islands,  and  suggests  an  obvious  explana- 
tion of  the  gulf  stream  cyclones,  as  well  as  of  the  cyclonic  winds  in 
Western  Europe;  the  latter  helps  to  account  for  a  considerable  pi-opor- 
tion  of  our  land  storms. 

The  c'omparis.^n  of  these  curi*cnts  and  intersections  with  Blodget's 
hyetal  charts  is  very  instructive,  and  I  feel  little  hesitation  in  predicting 
that  a  more  thorough  acquaintance  with  the  winds  of  Alaska  and  British 
America,  will  develop  another  anti-cyclonic  system,  referable  to  a  differ- 
ent centre  of  disturbance,  with  intersecting  nonnals  near  the  northern 
boundary  line  between  the  polar  and  equatorial  prevailing  winds,  and 
perhaps  in  the  valley  of  the  Saskatchewan,  which  has  been  specially  de- 
signated by  Professor  Henry  as  a  storm-breeding  district. 


Chasie.]  "^  [April  7, 

Resemblance  of  Atmospheric,  Magnetic  and  Oceanic  Currents. 

By  Plixy  Eaule  Chase. 

(Read  before  tJie  American  Philosophical  Society^  April  7,  1871.) 

My  belief  that  terrestial  magnetism  is  dependent  solely  npon  fluid  cur- 
rents, electrified  by  convection  and  by  the  condensation  of  vapor,  led  me 
to  look  for  some  confirmation  of  my  views  in  the  results  of  my  recent 
discussions  of  the  winds  of  the  United  States.  My  attention  was  first 
drawn  to  the  resemblance  between  the  looped  iso<Tonic  lines  in  the  eastern 
equatorial  portion  of  the  Pacific  Ocean,  and  the  anti-cyclonic  course  of  the 
winds  in  the  Gulf  States.  The  undoubted  rapidity  of  majjnetic  action, 
a  rapidity  analogous  to,  if  not  identical  with,  that  of  lumiiiiferous  vibi'a- 
tions,  renders  it  probable  that  the  llexure  of  the  isotonic  line?,  at  any 
given  point,  may  be  determined  by  the  resultant  of  all  the  forces  acting 
at  that  point,  and  that  the  equatorial  loops  are,  therefoi*e,  expressions  of 
equatorial  disturbance. 

If  the  same  disturbance  is  communicated  to  the  more  sluggish  air,  its 
culmination  may  natui*ally  be  sought  at  sorpe  point  northward  and  east- 
ward, l)ecause  of  the  well-kntiwn  laws  of  current  dcriection.  The  prin- 
cipal thermal  contrasts  which  contribute  to  the  establishment  of  currents, 
are:  Ist,  land  and  water;  2d,  polar  and  equatorial;  3d,  heat  and  cold  at 
isabnornial  centres.  Ic  seems  reasonable  to  sui)pose  that  these  triple  con- 
trasts should  be  so  mutually  related,  that  there  may  be  some  system  of 
rectangular  coordinate  planes  which  would  present  each  of  them  as  a 
maximum. 

A  great  circle  cutting  the  equator  on  the  meridians  of  100^  W.  and  8(P 
E.,  and  passing  through  the  geographic  centre  of  the  land  hemisphere, 
follows  the  general  trend  of  the  American  coast  from  Florida  to  New- 
foundland, skirts  the  equatorial  isogonic  and  the  Florida  atmospheric 
loops,  finds  the  western  limit  of  our  anti-cyclonic  system  of  winds 
at  a  point  about  midway  between  the  magnetic  pole  and  the  equator, 
and  crosses  the  equator  on  the  meridians  and  near  the  centres  of  greatest 
Horizontal  Force.  A  co-ordinate  great  circle  following  the  meridians  of 
10^  W.  and  170^  E.,  intersects  the  magnetic  equator  of  minimum  inten- 
sity near  its  gi*eatest  northern  and  southern  elongations.  The  third 
co-ordinate  gi-eat  circle  corresponds  very  nearly  with  the  dividing  plane 
between  the  land  and  water  hemispheres.  The  principal  north  pole  of 
declination  and  the  Asiatic  e(iuat«)ri:il  intersection  of  the  line  of  no  varia- 
tion, are  on  the  meridians  first  named,  which  traverse  the  intersections 
of  the  first  and  third  co-ordiujvte  circles.  A  great  circle  intersecting  the 
second  co-ordinate  on  the  equator,  and  passing  near  the  North  American 
pole  of  declination,  would  cut  the  first  of  these  meridians  (100-'  W.)  at 
an  angular  distance  from  the  pole  analogous  to  that  of  the  Florida  wind 
loop  from  the  equator,  traversing  the  principal  isogonic  loops  in  such 
nianner  as  to  exhibit  the  magnetic  symmetry  of  the  entire  globe  to  the 
best  advantage.  No  other  system  of  rectangular  co-ordinate  planes 
would  meet  with  so  little  land  interruption,  or  would  divide  the  globe 
into  hemispheres  with  so  great  current-producing  contrasts. 
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An  observer,  therefore,  near  the  centre  of  the  land  Iiemisphere,  would 
find,  at  the  four  cardinal  points  of  his  true  horizon,  niapfnetic,  thermal 
and  geographic  positions  of  pccnliar  importance,  and  indicative  of  inter- 
esting mutual  relations.  The  recognition  of  such  relations  gives  a  n(  w 
interest  to  the  often  noticed  resemblance  between  the  isoclinal  and  iso- 
thermal lines,  the  analogy  which  I  have  myself  pointed  out  between  the  iso- 
genic and  cotidal  lines,  the  parallelism  of  the  boundary  lines  and  of  the 
axis  of  the  westerly  isogonic  belt  with  the  boundaries  of  the  correspond- 
ing annual  isabnormal  belt,  the  isogonic  cnrvatuics  in  or  about  regions 
of  isabnormal  heat  or  cold,  the  different  angular  relations  of  the  isogonic 
Hues  to  the  customary  paths  of  hurricanes  and  storms,  and  the  approxi- 
mate perpendicularity  of  direction  and  opposition  of  curvature  between 
the  westerly  wind  lielt  and  the  isogons.  All  of  these  features,  which 
may  be  satisfactorily  explained  by  the  general  princiiiles  on  which  storm 
laws  arc  based,  furnish  cumulative,  if  not  irresistible,  evidence  of  the  de- 
pemlence  of  magnetic  currents  upon  the  same  laws  of  gravitation,  which 
tend  to  restore  the  equilibrium  of  air  and  sea,  after  tidal  or  thermal  dis- 
turbances. The  evidence  is  sustained  not  only  in  the  geiu^ral  distribution 
of  the  magnetic  lines,  but  also  in  their  ])articidar  details,  the  course  of 
the  isogonic  lines,  at  etiry  p'fiihf,  being  an  evident  resultant  of  the  com- 
bined equilibrating  tendencies  between  land  and  water,  and  between 
centres  of  normal  and  isabnormal  heat  and  cold. 

The  ocean  currents  corroborate  the  gravitation  theory  of  magnet- 
ism, perhaps  even  more  stro'igly  than  the  wind  belt.  A  i)hysical  atlas 
like  Petermann's,  which  marks  the  most  rapid  portions  of  the  several  cur- 
rents with  the  deei)est/ints,  shows  their  relation  to  the  magnetic  and 
coast  lines  very  satisfactorily.  A  comparison  of  the  more  minute  details 
exhibits  additional  interesting  evidence  that  the  original  impulse  of  all 
terrestial  currents,  atmosphei'ic,  magnetic  and  oceanic,  is  given  by  lumin- 
ous, thermal  or  tidal  disturbances,  that  the  currents  are  maintained  by 
gravity  in  its  continual  tendencies  to  restore  the  continually  dis- 
turbed equilibrium,  that  the  magnetic  currents  are  least,  while  the  ocean 
currents  are  most  interrupted  and  modified  by  land  contours,  that  each 
of  the  more  sluggish  currents  exerts  a  secondary  modifying  influence  on  the 
more  rapid,  that  extraordinaiy  variations  in  thermal  or  luminous  undu- 
lations, whether  originating  at  the  sun  or  at  the  earth,  produce  *' mag- 
netic storms,''  and  that,  whatever  theory  may  be  adoj>ted  as  to  the  mode 
in  which  the  solar  undulations  are  transmitted,  there  is  no  philosophical 
necessity  for  the  hypothesis  of  any  cosmical  origin  or  disturbance  of  ter- 
restrial magnetism  other  than  variations  in  the  amount  of  light  and  heat 
received  and  in  the  directions  of  gravitating  tidal  and  equilibrating 
lines.* 

•  It  is  50  (Itflirnlt  to  nink«^  tho  iiocoH.miry  jillowanct's  for  tin*  'li^ifortlons  of  tlio  onlinnrv  nmimetlr 
charU.  that  I  woiiM  r<>coniiii(*nil  any  out*,  who  Jiuiy  Mfhln*  t«»  make  tin*  <'»iii|iari.sons  which  I  l)ave 
»U2ifi;!tti*iJ,  to  traof  thr  Ihu-s  on  a  ylohe.  A  .slate-  irlol).-  is  I'spfcially  siitisl.iftorv.  Thf  »l;»ta  for  my 
own  i-oiii|>urlsoiiiii  were  taken  from  the  lines  ot  e(|nal  ma»;iietic  variation  an<l  ut  ei)tial  horizontal 
force  for  ISTiii.  in  the  2<l  edition  o|  tlie  "  Admiralty  Mamial  for  asc-ertainln«  ainl  ipitlyiui:  the  devia- 
tions of  a  conipas"!,  caustrd  l>y  the  lr«»n  in  a  !*hip.*'  Walker's  "  TeiTe^tlal  ami  ( !m  inical  .Muirnetl.xtn:" 
Coittn  8  "Winds  of  the  Northern  Henilspliere;"  Dove's  "Isothermnl  and  Isaltnormal  chrirts,"' 
'•  Prterniann*H  and  Johnsto'i's  Physical  Alla.>es."  In  order  tojmlne  of  the  resnitant  Induences  of 
the  normal  and  Ijiiibnorinal  thermal  disturhanres.  It  will  he  well  to  mark  the  rfnii«»  of  iMhnormal 
b<PAt  and  colli ,  as  well  ab  the  points  of  greatest  average  heat  ami  cold. 


Dutton.]  70^  (April?, 

Mr.  Walker,  in  his  Adams  Prize  Essay  for  1865,  p.  268,  says:  **  it  is 
worthy  of  remark  that  the  portion  of  the  year  when  the  magnetic  force  is 
the  greatest,  and  the  direction  of  the  needle  most  vertical  in  both  hemie- 
pheres,  coincides  with  that  at  which  the  earth  is  nearest  to  tho.  sun  and 
moves  with  the  greatest  velocity  in  its  orbit.  This  fact  furnishes  another 
argument  against  the  theory  that  these  effects  are  due  to  iemperalurf,  as 
in  that  case  they  ought  to  occur  at  opposite  periods  of  the  year  in  the  two 
hemispheres,  whereas  in  fact  they  occur  at  the  same  period  in  both."  The 
writer  was  doubtless  misled  by  the  annual  variations  in  declination  and 
horizontal  force,  which  are  evidently  dei)endent  upon  the  relative  tem- 
perature of  the  northern  and  southern  hemispheres.  But  if  all  the 
magnetic  effects  are  primarily  due  to  thermal  and  gravitating  motion,  it 
is  evident  that  the  total  magnetic  force  must  depend  upon  tlie  total  cur- 
rent producing  energy  of  the  sun,  which  is,  of  course,  a  maximum  wlien 
*'the  earth  is  nearest  the  sun,  and  moves  with  the  greatest  velocity  in  its 
orbit."  The  argument  whicli  was  considered  conclusive  against  the  the- 
ory, is,  therefore,  wholly  in  its  favor. 


The  causes  of  Regional  Elevations  and  Subsidences,    by   Lieut.  C.  E. 

Dutton. 

{Read  before  tJie  American  Philosophical  Society^  April  7,  1871.) 

Lieut.  C.  E.  Dutton,  desired  to  submit  certain  views,  which  he  had 
been  led  to  entertain,  respecting  the  causes  of  regional  elevations  and 
subsidences.  He  was  unacquainted  with  any  views  on  this  subject  in  the 
writings  of  geologists,  which  seemed  to  be  satisfactory.  In  rellecting 
upon  the  nature  of  metamorphic  rocks,  and  the  j)robable  changes  which 
they  had  uivJergone,  he  thought  that  the  facts  brought  to  light  by  the  re- 
searclies  of  Bischoff,  Daubree,  Sorby,  iSterry-IIunt  and  others  in  that 
field,  might  contain,  also,  a  solution  of  the  unexplained  problem  of  ele- 
vations and  subsidences.  It  is  now  a  generally  accepted  opinion  among 
writers  upon  chemical  geology,  that  metamorphic  rocks  have  reached  their 
present  condition,  through  the  combined  agencies  of  heat,  pressure,  and 
water,  acting  upon  sedimentary  strata;  that  sulpliur,  carbonic  acid  and 
volatile  chlorides  and  fluorides  have  played  highly  important  parts  under 
similar  conditi(ms,  and  that  soluble  earths  and  metallic  salts  and  vapors 
have  had  no  inconsiderable  iiilluence  upon  the  totality  of  changes.  That 
water  especially,  under  the  iiilluence  of  a  moderately  high  temperature 
and  great  pix\ssure,  is  capable  of  changing  in  a  wonderful  manner  the 
structure  and  arrangement  of  rocky  materials  of  all  kinds,  has  been  abun- 
dantly shown  by  innumerable  synthetical  experiments,  a  great  number  of 
wliich  have  been  summed  up  by  Daubn'e  in  an  able  memoir  on  the  sub- 
ject to  the  French  Academy.     He  has  also  shown  that  minerals,  \\liich, 
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under  ordinar>'  temperatui-es  to  which  water  is  subjected,  ai-e  in  no  re- 
spect  changed,  may  Imj  completely  alteix'd  by  water  routined  in  sti-ong 
vessels  and  heated  to  dull  redness.  Silicates,  nluminates  and  calcareous 
matters  in  the  amorphous  condition,  may  not  only  be  made  crystalline, 
but  their  degrees  of  hydration  may  also  be  permanently  altered;  and  he 
also  mentions  the  production  of  anthracite  by  a  similar  process,  from  wood. 
Indeed,  the  changes  both  of  structure  and  chemical  constitution,  which 
may  be  produced  in  this  manner,  are  very  gi*eat,  and  extend,  in  all  proba- 
bility, to  nearly  the  whole  range  of  mineral  matters  found  in  the  rocks. 

Now,  if  as  is  generally  believed  and  accepted,  these  are  the  changes  in 
progress,  while  rocks  are  undergoing  metamorjdiism,  then,  in  all  proba- 
bility, the  rocks  ai*e  undergoing  at  the  same  time  a  change  iniheir  apfcijic 
gravity.  It  is  highly  probable,  if  water  is  the  chief  reagent,  and  if  it 
constitutes  a  change  both  chemical  and  physical,  that  the  specific  gravity 
of  the  mass,  into  which  it  enters,  is  not  the  same  as  it  was  before  such  a 
change  took  place.  But  if  we  admit  this,  then  we  have  also  admitted 
that  the  volume  of  those  rocks  hiis  either  increased  or  diminished.  If  we 
assume  it  to  have  increased,  there  must  take  i>lace  an  expansion,  and  such 
an  expansion  must  necessarily  be  ujiward.  For,  beginning  at  the  lowest 
level,  at  which  any  such  change  may  be  assumed  to  supervene,  the  total 
weight  of  the  superincumbent  mass  is  the  same  as  it  was  before,  and 
hence  there  would  be  no  change  at  that  level.  Nor  could  there  be  lateral 
expansion  of  any  importance;  all  expansion  would  of  necessity  be  verti- 
cally upwards.  On  the  other  hand,  a  decrease  of  volume  would  occasion 
a  subsidence  for  converse  I'easons. 

If  we  were  to  assume  a  change  in  the  specific  gravity  of  1000  feot  of 
rock,  to  the  extent  of  five  per  cent.,  we  could  account  for  a  change  of 
level  of  oU  feet,  and  a  series  of  rocks  as  thick  as  the  carboniferous  in  this 
State,  would,  with  an  equal  amount  of  change,  give  an  alteration  of  level 
equal  to  the  average  attitude  of  the  North  American  Continent  above 
the  ocean.  It  is,  of  course,  impossible  to  conjecture  the  depth  to  which 
metamorphic  action  may  extend,  though  it  is  undoubtedly  very  gi-eat;  at 
least  eight  or  ten  miles,  and  there  might  be  no  great  improbability  in 
supposing  such  changes  to  take  place  through  a  large  portion  of  that 
depth  at  the  same  time. 

That  the  rocks  far  down  below  the  surface  take  up  under  the  influence 
of  gi*eat  pressure,  aided  no  doubt  by  heat,  large  quantities  of  water,  car- 
bonic acid,  sulphydric  acid,  and  perhaps  other  electro-negative  agents,  is 
manifest  in  the  materials  issuing  from  volcanoes  and  from  thermal  springs. 
Water  and  gaseous  acids  issue  in  such  enormous  quantities  from  volca- 
noes, as  to  constitute  a  large  fraction  of  the  entire  mass  delivered,  indi- 
cating rhat  the  solid  materials  have  become  super-saturated  with  them, 
and  the  association  is  resolved  as  soon  as  they  reach  the  surface  of  the 
earth,  and  are  relieved  of  the  pressure  to  which  they  have  been  subjected. 

The  overflow  of  volcanoes  would,  it  is  suggested,  be  susceptible  of  a 
similar  explanation.  Let  us  suppose  a  stratum  or  two,  situated  a  few  miles 
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below  the  surface,  became  softened  or  lightened  by  the  combined  agencies 
described,  so  as  to  be  specifically  ligliter  than  the  average  mass  of  over- 
laying rock.  If  a  vent  or  li.«sure  could  be  found,  such  a  plastic  mass 
would  inevitably  follow  the  laws  of  the  equilibrium  of  fluids,  and  would 
not  only  rise  up  into  the  chasm,  but  overflow.  Putting  the  problem  into 
another  fonii,  the  heavier  over-lying  mass  would  sink  into  the  lighter 
semi-lluid  l>eneaih,  and  drive  it  upwards.  It  is  a  well  known  fact,  that 
the  lavas  are  all  of  small  specific  gravity.  Indeed,  were  it  otherwise, 
Lieut.  Dutton  thought  that  the  overflow  of  a  lofty  volcano  like  ^tna  or 
Mauna  Loa,  would  be  impossible;  for  a  column  of  dense  material  of  such 
a  height,  exerting  its  pressure  upon  its  subterranean  reservoir,  would 
raise  the  overlying  strat<a,  instead  of  rising  above  them.  But,  in  truth, 
the  superior  strata  are  doubtless  heavier,  and  exert  a  greater  pressure 
upon  the  reservoir  than  the  lava  itself. 

In  a  similar  manner  Lieut.  Dutton  sought  to  explain  the  intrusion  of 
traps,  trachytes  and  basalts.  These  rocks  were  probably  lighter  than 
those  which  originally  overlaid  them,  and  forced  their  way  through  weak 
places  to  the  surface.  The  traps,  basalts  and  porphyries, — at  least  such 
porphyries  as  may  be  called  intrusive — though  they  are  unquestionably 
altered  sediments,  arc  for  the  mo.^'t  pail  aniorj)hous,  and  not  crystalline. 
They  were  evidently  altered  at  a  comparatively  low  temperature,  and  at 
no  very  great  dei)th.  They  do  not  appear  to  afl*ect  the  strata  into  which 
they  are  intruded,  and  withal,  aix?  less  highly  metamorphic  than  gneiss  or 
marble.  Water  seems  to  have  been  the  chief  agent  in  their  transforma- 
tion, and  they  may  have  been  forced  upward  in  a  soft  condition,  and  upoit 
being  relieved  of  the  i>ressure,  parted  with  the  gi*eater  portion  of  this 
water.  The  traps  and  basalts  al.«^o  exhibit  many  planes  of  cleavage, 
with  very  i)erceptible  interstices,  and  these  interstices  would  seem  to  be 
much  wider  than  conld  be  accounted  for  by  the  contraction  of  cooling, 
lie  stated  that  he  had  ofteu  noted  this  fact,  and  was  decidedly  of  the 
opinion  that  t!ie  contraction  of  these  rocks  by  loss  of  heat,  could  by  no 
means  account  for  the  entire  width  of  such  plans  of  cleavage,  and  be- 
lieved that  it  was  in  great  part  due  to  the  loss  of  water,  which  had  once 
rendered  ihem  i)lastic. 

If  these  views  be  correct,  then  mtc  ought  toexj)ect  that  volcanic  i^egions 
will  be  confined  to  tli(»se  areas  which  have  recently  been  regions  of  marked 
elevation.  And  we  find  this  to  be  the  case.  In  Americ;v,  the  whole  extent 
of  the  Rocky  Mountains  and  of  the  Andes,  so  far  as  known,  was  covered 
by  the  ocean  at  the  beginning  of  the  Tertiary  period.  The  elevation  of 
the  Rocky  Mountains  was  probably  earlier  than  that  of  the  Andes,  and 
sooner  completed.  Hence,  while  the  former  was  the  scene  of  an  unparal- 
leled  amount  of  volcanic  action  during  the  Pliocene  and  Miocene,  and  is 
now  nearly,  or  (piite,  quiescent,  except  in  Southern  Mexico,  the  Andes 
still  abound  in  active  volcanoes.  The  East  Indian  volcanic  regions  are 
a'l  of  Tertiary  formation,  as  are  those  of  the  Mediterranean  and  the 
Auvergne. 
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PRELIMINARY  REPORT  ON  THE  VERTEBRATA  DISCOVERED 
IN  THE  PORT  KENNEDY  BONE  CAVE. 

By  Prop.  E.  D.  Cope. 

{Read  before  the  American  Philosophical  Society  April  7,  1871.) 

My  friend,  Charles  M.  Whcatlcy,  has  already  given  an  account  of  the 
discovery  of  a  fissure  in  the  Potsdam  limestone  of  Chester  Co.,  Pennsyl- 
vania, containing  the  remains  of  numerous  animals  and  plants  of  the 
Postpliocene  period  (see  Amer.  Jour.  Sci.  Ai-ts,  1871,  April).  Dr.  Quick, 
of  Phodnixville,  having  brought  to  his  notice  mastodon  remains  exposed 
in  quarrying  the  limestone  near  Port  Kennedy,  he  visited  the  spot,  and 
determined  the  existence  of  the  fissure  and  its  contents.  In  the  article 
in  question  he  describes  it  as  situated  near  the  line  of  junction  of  the 
Triassic  red  sandstone.  Its  depth  is  nearly  fifty  feet,  and  the  greatest 
wuith  thirty ;  at  the  summit  or  surface  of  the  limestone,  its  width  is 
twenty  feet.  It  is  filled  to  a  depth  of  foi*ty  feet  with  the  debris  of  the 
neighboring  Triassic  strata,  of  a  red  color ;  below  this  point  is  a  bed  of 
tough  ''black  clay  eighteen  inches  in  thickness,  filled  with  leaves,  stems, 
and  seed  vessels  of  post-tertiary  plants.  Scattered  through  all  this  mass 
of  vegetable  remains,  and  also  in  a  i*cd  tough  clay  underneath  for  six  to 
eight  inches  in  depth,  are  found  the  fossils  noticed  in  this  paper." 

Mr.  Wheatley  furnishes  a  list  of  the  sx)ecies  we  had  identified  up  to 
the  time  of  writing,  viz.  ;  twenty-seven  vcrtebrata,  ten  coleoptci*a,  and 
ten  plants.  These  numbers  have  been  considerably  increased  up  to  the 
present  time,  and  I  look  to  a  much  fuller  and  more  complete  exposition 
of  the  Postpliocene  vertebrate  fauna,  in  consequence  of  a  more  thorough 
examination  of  the  remaining  part  of  the  fissure,  by  my  friend,  C.  M. 
Wheatley. 

As  regards  the  position  of  the  remains,  the  article  above  quoted,  pro- 
ceeds to  state  that  "the  remains  of  Mylodon,  Ursus,  and  Tapirus  have 
been  mostly  obtained  from  the  tough  red  clay  directly  under  the  plant  bed, 
bat  the  remains  of  rodents,  snakes,  tortoises,  plants,  and  insects,  are 
entirely  confined  to  the  plaut  bed.  Neither  the  bones  nor  the  teeth  are 
rolled  or  water  worn,  but  all  are  sharp  and  well  defined."  The  appear- 
ance of  the  specimens  corroborates  the  above  statements.  I  would  add 
some  exceptions.  Thus  two  of  the  specimens  referred  to  Articola  sig- 
modus  came  from  the  red  bed,  and  one  from  the  black  ;  one  Mejalonyx 
ttheatleyij  came  from  the  blaek  bed,  the  others  from  the  red.  3Iilk  teeth 
of  Mastodon  occur  in  the  red  bed  also.  General  i-emarks  are  deferred  to 
the  close  of  the  report. 

Megalonyx,  Jefferson. 

The  remains  of  species  of  this  genus  found  in  the  fissure  are  more 
abundant  and  striking  than  those  of  any  other.  At  least  fourteen  in- 
dividuals are  represented  by  the  bones  and  teeth  obtained.  These  belong 
probably  to  five  species,  as  described  below,  four  of  them  difi'erent  from 
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tfac«e  liltherlo  knowu,  tliree  of  tliom  of  a  taze  equ&l  to  that  of  the  3f. 
jtfftrttiiiii,  the  othei's  smaller.  These  upecies  are  ou1f  eei'tniul;  ilisLin- 
guishablc  at  present  hy  tlie  t«etlL,  as  the  other  boues  are  very  similar  t 
those  of  other  species,  so  far  as  preserved. 

The  teeth  eonsist  of  oi|{btecii  cunine,  and  uineteeo  nolur  teeth,  nhuse 
characters  are  discuased  below.     The  bones  are  cliiellf  those  of  the  feet, 
with  portions  of  long  boncB,  and  numerous  vertebrte.     Crauial  bones  ju 
in  most  instances  destroyed,  for  though  several  complete  crania  nere  e: 
humed,  the  txposuiv  to  frosts  Aud  thaws  vith  anon'  and  nun,  as  th«j>- 
laid  in  the  pilen  of  niittcriitl,  disintegrated  them.    Of  limb  bones  tlicre  a, 
the  extremity  ofa  large  tibia  with  cotylus  for  astmgahis,  several  extcua* 
ities  of  iibulie,  and  some  broken  heads  of  femora. 

Of  the  bones  of  the  fore  limb  there  are  throe  unciforms,  two  magnum^ 
and  fifteen  metacarpals  with  iiumerouH  plialauges.  The  bones  of  Ut^ 
hind  limb  include  three  astragali,  seven  cubiuds,  six  Bcaphoidjs,  and  £tk 
incomplete  inetAtarsals.  The  phalaoses  of  both  fore  and  bind  feet,  whiclii 
much  resemble  each  other,  numlior  thirty-two,  of  which  nine  are  ungucaL. 
Of  vertebra,  no  cervicals  have  been  found,  except  an  axis  without  neural, 
arch.  Caudals  are  most  uutnerous ;  some  of  the  vertebi'ai  have  coossilled 
epiphyses,  othei-s  not,  indicating  various  ages.  I  have  counted  twelve 
individuals  from  tbe  teeth,  but  it  is  quite  possible  that  there  are  others 
represented  by  some  of  the  bones. 

The  canine  (molar)  teeth  present  a  remarkable  variety  of  forms,  As  is 
known,  the  section  of  the  crown  is  oval,  on  one  side  concnvo  with  a  n 
or  less  prominent  swelling  interrupting  it.  The  differences  are  see) 
the  development  and  position  of  the  brood  rib  of  whicli  the  swelling  la  » 
section,  in  the  curvature  of  the  sliaft,  and  greater  or  less  obliquity  of  tl 
grinding  surface. 

There  are  throe  types  of  form  among  them  as  follows : 

1st.  The  shaft  curved,  the  trltuiuting  surface  oblique,  the  internal 
longitudinal  rib  prominent,  nearer  one  end  of  the  orown  than  tbe  other, 
dentine  of  inner  side  thickened  ttnterinrly ;  two  specimens. 

Sd.  S^biift  nearly  straight,  triturating  surface  transvei-se  fin  its  long 
direction) ;  rib  of  inner  face  mcdiau,  prominent ;  dentine  of  inner  aide 
unifoiTnly  thin, 

3d.  Ah  in  the  lost,  but  the  shaft  more  comprosserl,  tliorefore  tlia 
section  narrower,  tlie  inner  bulging  rib  being  veiy  low  and  inaigniflcnnt. 

The  flrst  of  these  represents  n  species  distinct  from  those  of  tlia  otlier 
series ;  one  nearer  tb»  M.  jrffertir'tii.  and  of  largu  site. 

In  studying  the  present  genus  1  have  been  under  many  obligations  to 
Dr.  Leidy'a  Memoir  on  the  Extinct  Sloth  tribe  of  North  America,  pub- 
lished liy  the  Smitltouion  Institute  in  IBS.).  In  It  the  species  UennianjfX 
j(ijr*r«onii  is  cstablislied  for  tlio  first  time  on  a  solid  foundation,  and  UiO 
characters,  ospeoinlly  of  the  dentition,  clearly  pointed  out. 


Hboalontx  i.oxodok,  Cope,  species  nova, 
o  teeth  of  the  first  type  may,  perhaps,  bo  superior 
fur  tlie  obliiiuily  of  the  grinding  i^e 
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direction.  This  curvature  is  seen  in  teeth  of  M.  Jefferson ii  iSeehexdy^s 
Memoir  on  Extinct  Sloth  tribe,  PI.  VI.,  figs.  4-G},  wliich  do  not  api)ear 
to  be  straight  in  the  maxillary  bone  at  least,  at  any  time.  These  teeth 
differ  from  those  of  M,  jeffersonti  in  having  the  posterior  margin  thinned 
out,  while  the  anterior  is  thickened  by  the  near  aproximation  of  the 
interior  rib.  In  the  larger  of  the  two  the  posterior  margin  is  slightly  in- 
curved, the  exterior  convexity  thus  produced  opposing  that  of  the  anterior 
face  and  inner  rib,  as  one  short  side  of  a  romboid  does  that  opposite  to  it. 
The  section  of  the  smaller  diiVers  in  the  shortness  of  this  intero-extemal 
face,  and  is  thus  rounded  subtriangularly  and  antero-internally,  as  de- 
scribed by  Leidy  in  the  M.  jeffersonii,  and  thus  difl'erent  from  that  seen 
iu  the  3/.  icheatleyu  The  external  face  has  an  open  longitudinal  con- 
cavity. The  triturating  surface  in  both  teeth  is  a  longitudinal  groove ; 
in  the  larger,  the  inner  margin  is  highest  anteriorly,  the  outer  highest 
posteriorly. 

These  teeth  I  suppose  to  represent  a  species  different  from  the  3/. 
vheatleyif  and  perhaps  from  the  M.  jeff'ersonii  also,  as  none  of  the  sections 
given  by  Leidy  (1.  c.  PI.  XVI),  approach  their  form.  The  nearest  is  his 
fig.  3,  where  the  section  of  the  bulge  is  not  quite  central. 

Meoalonyx  wheatleyi,  Cope. 
Species  nova. 

Represented  especially  by  fourteen  canine  and  sixteen  molar  teeth,  but 
probably  also  by  the  greater  part  of  the  bones  above  mentioned.  The 
former  are  referable  to  eight  individuals,  to  which  i>erhaps  four  others 
should  be  added. 

The  characters  of  the  species  are  chiefly  visible  in  the  molar  teeth, 
which  in  the  maxillary  bone  are  acutely  trigonal  instead  of  triangular 
ovate  as  in  the  M.  jeffersonii ;  and  in  the  dentary  bone,  transversely, 
sometimes  narrowly,  parallelogmmmic,  frequently  narrower  internally 
than  externally.  In  the  M.  jeffenonii  the  latter  are  almost  as  broad  as 
long,  of  equal  width,  and  with  the  inner  or  outer  margin  slightly  oblique. 

In  the  canine-molars  before  mentioned  of  the  second  and  third  types, 
we  have  but  little  or  no  curvature  of  the  shaft,  no  longitudinal  grooving 
of  the  outer  face,  the  outer  dentinal  wall  uniformly  higher  on  the  tri- 
turating surface  than  the  inner,  and  the  long  diameter  of  this  face  but 
little  oblique  to  the  transverse  plane  of  the  shaft.  As  both  superior  and 
inferior  molars  corresponding  in  size,  color,  and  number  to  these  teeth 
have  been  found,  I  suppose  the  latter  to  have  been  derived  from  both 
jaws. 

The  differences  in  these  teeth  are  to  be  seen  in  the  different  degi^es  of 
development  of  the  dentine  layer,  and  of  the  bulge  on  the  inner  face,  and 
of  the  degree  of  compression  of  the  shaft.  Five  of  the  best  preserved  ex- 
hibit the  thickness  of  the  external  layer  continued  round  the  extremities 
of  the  grinding  surface,  and  then  rather  abruptly  contracting  wedge  like, 
into  the  thin  layer  of  the  interior  face.  In  two  other  teeth  this  con- 
traction takes  place  at  the  external  curves,  and  is  less  iu  degree,  the  inner 
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tiijrer  being  more  nDiroiTn.  In  tm>  teetli  the  dentiIlt^  of  the  Lulge  of  tlie 
inner  Tace  is  vary  nearly  as  thick  us  tliFit  or  tlie  outer  (F.  J).  As  i-egai'iis 
Uw  form,  in  tbc  liut  mcntionod  tooth  tite  bul;^  is  whII  iI<.'Voloi>eil  (a»  in 
lit'ldj't  n.  XVI.  Rg.  I),  ami  the  sliaft  is  not  com[>iGB8eiI.  In  the  two 
previously  meiiliuuxd,  the  shaft  is  short  and  the  bulge  very  litw  nnd 
boundcKl  by  two  sliallow  grooves;  in  one  (F.  G}  (which  is  nccompanled 
Iqr  the  posterior  molars |,  it  has  a  shallow  modiaii  groove.  In  the  tivc 
raoiiie  molarc  first  named  we  have  evcr]^  degi'ee  of  ooiiipiessloo.  In  oue 
(P.  S)  the  shaft  is  stout,  aiid  the  bulge  lo-rgor  thau  in  any  otiior,  abiiiit  as 
in  Leidy's  PI.  XVI-  Dg.  3 ;  iu  a  Mcond  (P.  5)  the  abaft  is  simil^Lr,  with 
low  bulge,  like  fig.  ?.  1.  c.  In  the  third  (F.  T)  from  a  large  individual, 
thfere  is  tnoce  compression,  and  the  bulge  m  very  low  ;  the  la«t  two  are 
rimilnr,  but  sinnllcr ;  thoy  belong  appai'ently  to  ojiposite  Bides  of  the 
Buneauinial  (F.e%  These  are  like  the  tooth  llguicd  and  described  by  Dr. 
Lddy  as  that  of  ifegition^x  dimimitU. 

I  am  iuuUnsd  to  refer  the  tocth  of  these  types  to  one  specit<5,  n  view 
OHillrined  by  a  study  of  the  molnrs.  Tliey  are  all  stained  yellowish  or 
li|[ht  rust  color  except  one,  which  is  bitck,  and  which  is  aHBOuial«d  with 
tbreo  pust«rior  molars  of  similar  color  and  corresjioudiug  size.  Tlie  ve~ 
nudikiiir;  posterior  molars  are  of  the  color  of  the  other  oimine  molars,  jiud 
BO  doubt  iK'long  to  the  same  individuals  in  part,  but  none  can  Lve  associ- 
ated with  the  same  certainty  as  the  bisok  speci  mens.  Un  tlie  light  oolored 
posterior  loolar*  I  jiropose  to  establish  the  MejaUin$x  ttheallej/i,  since  I 
diDuld  scni'ccly  distinguish  it  from  M.  jfff«r*otHi,  or  M.  dinimiUt  by  tlw 
esnlne*  molars  alone.  Tliere  can  be  no  question  tliat  the  fornu)  of  these 
leeth,  chaiacteristic  of  the  two  EUp]>oseil  species,  graduate  into  eacli  other ; 
Ibechumcters  derived  from  the  development  of  the  interior  enamel  plate, 
Ruy  be  distinctive,  but  in  that  caaa  there  is  at  least  one  other  undesoiibed 
i|ieoies  ill  the  series  I  have  explained  ntwve.  ilf.  dmimilU  it  apiwars  to 
me  must  ix-ikisb  on  the  posterior  upper  molar,  which  Leidy  shows  to  be 
bansvirraly  oval  and  out  triungulur  iu  seutlou.  That  tooth  is  us  triangular 
b  Jf.  tehtaileyi  as  in  M.  jeferiionii. 

From  the  preceding,  it  is  prob.ible  that  the  moxt  allied  spoelcs  of 
Xegttlatijtr,  cannot  Iw  exactly  defined  by  the  chaincters  of  their  canine 
nolar  teetli,  though,  as  in  many  spuuios  of  Hamnialia,  they  may  he  in- 
dicalLiI  by  the  extnime  forms  of  those  teeth,  the  range  of  variation  over- 
lapping. 

Tlie  tiiperior-molart  (la)  belong  to  at  least  three  (perhaps  four)  in- 
dividuals. They  ai'e  nearly  stvaiglit  trilateral  prisms,  so  worn  that  the 
InotT  anterior  angle  is  the  most  elevated.  The  aiitorior  dentinal  plane  is 
(U^tly  convex,  the  jiosterior  conoave  to  a  less  degree.  The  exterior 
anjfle  is  much  less  obtuse  than  in  if.  jefftrionii,  that  enclosed  by  the 
dentine  boing  prolonged  aud  very  narrow.  There  is  a  notable  diSureaoe 
between  the  two  p^wterior  molars  of  the  superior  scries,  preserved.  One 
Higx  to  the  inilividiinl  stained  black.  Both  are  slightly  Imwed  pos- 
■ly,  and  both  have  a  subtriangular  section,  the  apex  directed  inwards. 
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III  tlio  lig-lit  colored  specimen  the  outer  Taoe  is  wiilo  and  nearly  plan 
nnterior  very  slif^litl;  convex,  B-sd  tbo  posterior  concnve,  m.ilcing  ar 
longitudinal  groove ;  tlio  external  augle  is  oIjIubb,    In  ilie  black  spect 
men  tlie  inner  face  is  nartowet,  the  anterior  morfl  distinctly  couvo: 
tbe  posterior  convex  also,  rounding  ofF  to  the  more  obtuse  external  angls. 
Botli  tliese  t«et1i  are  nor  a  obliquely  as  in  M.  jefenonii. 

The  weni-ing  oftlie  median  molai's  is  transverse  to  the  axie  oftlie  shaftf 
»iit«rinrly,  oblique  to  it  or  descending  inwards,  posteriorly.  The  weartnj 
in  tlie  loug  axle  of  tbo  jaw  boiie,  \%  ol)U(|Uclf  fOrnards  on  the  posterior 
deulinal  wall,  and  divided  on  the  anterior,  ono  half  sloping  forwards  and 
the  other  backwards,  the  slopes  separated  by  a  aharp  ridge  of  the  dent  in& 

A  single  tooth,  nbicli  by  its  rorm  is  excluded  from  a  place  in  the  man- 
dible, and  by  tbe  characterof  the  wearing  of  its  crown,  can  be  none  oUiet 
than  the  second  molar,  or  llrst  of  the  regnlar  scriea.  Its  form  is  very 
ditfercut  from  that  of  the  same  tooth  in  M.  jeffenonii,  but  is  apjiropriatA 
to  tbe  ntodiCoatio:!  described  below  ns  characteristic  of  the  inferiur 
molars  of  M.  tcheatUyi.  There  is  no  anterior  wear  on  the  anterior  den- 
tinal plato.  indicating  the  absence  of  any  tooth  anterior  to  it  in  the  Info^ 
rior  jaw;  tliis  plate  is  much  higher  than  tbe  posterior,  which  has  two! 
worn  surfaces,  tlie  anterior  borizontal,  the  poaterior  oblique.  The  mtddtli' 
of  the  crown  is  concave,  and  the  couoavity  is  carried  across  the  dentinar 
of  one  end,  The  tooth  is  in  section  a  transvei'se  paraHelograin 
the  outer  short  side  oblique,  instead  of  parallel  to  the  inner.  Anterior 
faM  slightly  concave,  posterior  slightly  convex. 

The  almriHt«rs  of  the  inferior  molart  are  established  by  three  posterior 
In  place  in  the  tVagmonts  of  jaw  hold  together  by  tbe  matrix  of  red  k 
and  clay.  I'hat  they  might  be  the  tiuperior  series  of  another  specie*  is 
auggested  by  tbe  aubtriangular  outline  of  two  of  them,  and  the  jaw  ie  « 
fraeuientary  that  It  is  not  snIBcient  to  decide  the  case.  The  following' 
points,  however,  are  conclusive.  If  they  were  superior,  the  terminal 
teeth  mast  bo  either  the  wcoikI  or  fifth  molai'S,  according  to  the  relatiofti 
to  front  or  back  in  which  tbcy  are  viewed.  That  neither  can  oocnpT^ 
this  place  is  proven  by  the  following  description: 

The  anterior  is  a  rather  narrow  transTOrse  pamlloloarara,  with  th« 
sidcH  and  angles  rounded.  Tlie  jtostenor  denliual  plate  ia  worn  1 
vcrsely.  tJio  oi>[ioBito  one  is  oblkjiic,  descending  to  one  side.  The  form  it' 
worn  uliliqnely  away  from  the  acnlra  of  tlie  crown,  the  lattar  Is  pinna. 
The  next  tnnlb  is  a  parallelogram  narrowed  towards  one  end,  which  It' 
rounded  obliijuoly  to  the  otlier  sides ;  it  in  narrower  than  the  last,  ( 
tho  dentinal  plates  are  worn  in  exactly  the  samo  way.  The  lait  tooth  U'> 
much  wider  than  the  others,  and  baa  a  subtriangnlar  ondine.  tbe  narrow'' 
end  very  wide  and  obtuse,  and  on  tho  same  side  as  tbo  narrowed  end  of 
the  one  in  front  of  it.  The  outline  is  worn  in  the  same  manner,  except 
that  the  angle  at  one  end  of  the  base  of  tbo  Iriaogle  is,  iierhajis, 
elevated. 

(1.)  Neither  of  the  extremita.1  teoUi  have  tho  obli.|ue  face  of  tlw  poe. 
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tenor  one  of  the  known  species  of  Megalcnyx,  nor  the  reduced  size,  so 
that  it  remains  to  ascertain  whether  either  of  them  is  the  first  superior 
molar.  (2.)  The  larger  is  evidently  not  so,  because  it  has  an  obliquely- 
worn  distal  face,  indicating  the  existence  of  another  tooth  beyond  it  in 
the  opposite  jaw.  (3.)  The  opposite  one  is  not  the  anterior  molar,  be- 
cause (a)  its  anterior  dentinal  face  is  worn  horizontally,  not  obliquely 
backward,  indicating  an  overlapping  tooth ;  (b)  because  the  oblique  wear 
of  the  dentine  would,  on  the  supposition  that  it  is  the  first,  be  thrown 
on  the  posterior  instead  of  the  anterior  faces  of  the  other  molars ;  (c)  and 
because  its  form  is  narrower  than  the  other  teeth,  instead  of  wider  as 
in  other  species. 

Confirmatory  of  this  conclusion  is  the  fact  that  no  palate  can  be  dis- 
eorered  among  the  fragments  where  it  should  be,  were  these  teeth  max- 
illaries.  The  question  as  to  the  relation  of  ends  is  settled  by  the  fact 
that  the  plane  of  the  crowns  rises  to  the  narrower,  which  would  thus  be 
anterior.  Also  the  large  tooth  has  the  oblique  surface  for  the  last  supe- 
rior molar,  which  the  anterior  has  not.  The  fragments  of  the  jaw  indi- 
cate the  same  thing,  rising  (towards  the  coronoid  process)  at  the  large 
tooth  and  falling  at  the  narrower.  The  latter,  then,  for  the  above  rea- 
sons, I  assume  to  be  the  anterior. 

M. 

Length  of  three  juxtaposed  crowns 0.053 

"      anterior  crown,  inner  end 013 

"  "  **      outer  end 013 

Width  "  ** 03 

Length  of  last  "        outer  end 014 

"        "  "        inner  end ...  ;• 0016 

Width  **  "  02 

Length  of  shaft  first  tooth 054 

There  are  five  isolated  molars  of  the  same  type  as  the  above.  Three 
of  these  are  evidently  anterior  or  second  inferior  molars,  two  of  the  left 
side  and  one  of  the  right.  Their  section  is  suboval,  and  all  the  details, 
size,  &c.,  are  as  above  described.  Two  others  are  like  the  second  (or 
third)  inferior  molars.  One  of  these  is  peculiar  in  being  a  little  concave 
on  the  anterior  face,  the  inner  extremity  very  oblique,  the  other  is  more 
oraL 

The  question  as  to  the  specific  relations  of  these  inferior  molars  may  be 
stated  as  follows.  Their  large  size  precludes  the  probability  of  their  be- 
longing to  either  M.  tortulusoT  M,  spJienodon,  They  appear  to  belong  to 
one  species,  without  doubt.  The  superior  molars  also  belong  to  one 
species,  and  as  no  other  species  is  represented  in  any  thing  like 
the  same  abundance,  it  is  reasonable  to  suppose  that  these,  with  the  most 
abundant  of  canine  molars,  belong  to  the  same  form  of  Megalonyx.  The 
canine  molars  difier  from  those  of  Jf,  loxodon,  and  the  posterior  upper 
molars  from  those  of  Jf.  dissimilis.  The  disproportion  between  the  sizes 
(tf  the  second  and  last  inferior  molars,  with  the  narrow  oval  and  triangu- 
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tnr  forms  of  the  siune,  separates  the  animal  ttom  the  M.  jtffen 
onlj  known  molai  of  M.  validtit,  Leidy,  is  like  nothing  found  in  the 
present  species,  and  M.  rodent  and  M.  meridionalit  each  h&ve  tli«lr 
peculiar  features.    I  therefore  call  the  prasent  animal  M.  tcheattegi. 


Another  molar,  perhaps  the  third  inferior  of  the  three,  is  larger,  and 
appears  to  belong  to  another  individual ;  it  is  a  little  wider  inwardly, 
and  rcaemhlos  Lcidy's  tig.  13  of  PI.  XVI.,  except  in  its  narrower  angle 
and  perfect  symmetry.  It  may  belong  to  M.  vihtaiUyi,  but  the  outer 
angle  is  regularly  rounded;  it  ma;  be  .V.  tplunodon.  It  differs  from 
tliose  of  M.  jefftTionii  as  the  3^.  wheatlej/i,  in  the  greater  ei:tonsion  in  a 
transvorHe  direction,  and  in  the  concavity  of  one  of  the  long  sides.  The 
enclosed  area  of  osteodentine  is  in  section  a  frustvum  of  a  narroit 
triangle,  instead  of  rounded  parnllelogrammic  as  in  if.  jeffertonii. 


MeaturemenU  of  Ueth. 


M. 


Long  diameter,  (Fig.  0)  light  cold 

Short 

Long 

■       of  (Fig 

3)    " 

Short 

Long 

of  (Fig 

C)  black 

Short 

e  molar 0.0316 

018 

.0825 

019 
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Long  diameter  of  (Fig.  6)  black  super,  molar 021 

Short        **  **  **  **  015 

Long         **        (Fig.  9)  light,  *•  0215 

Short        **  **  -  »*  0158 

Total  length  *•  "  002 

Long  diameter  4  super,  molar  of  (Fig.  6) 017 


Shoi-t 

Long 

Short 

Long 

Short 

Length 

Width 


*'     Oil 

(Fig.  9) 018 

*•  ''     0129 

inferior  molar        (light) 0223 

**     015 

2d        ''  (loose) 02U 

015 


(( 


There  are  vertebrae  of  both  adult  and  young  animals.  An  axis  is  much 
like  to  that  described  by  Leidy  in  Megalonyx  jeffersonit.  The  centrum  is 
much  depressed,  with  a  strong  inferior  keel.  The  articular  faces  of  the 
lateral  abutments  and  of  the  odontoid  process  are  continuous.  This  pro- 
cess is  short  and  conic,  and  is  a  continuation  of  a  projection  of  the  cen- 
trum, which  is  notched  on  each  side  above,  at  its  anterior  limit,  for  the 
annular  ligament.  A  more  posterior  cervical,  with  coossiiicd  epiphyses,  is 
much  less  depressed,  and  is  about  as  broad  as  long.  A  caudal,  with  co- 
ossified  epiphyses,  has  subround  articular  extremities,  and  is  romarkable 
for  the  extent  of  the  chevron  articulation  of  both  ends  of  the  inferior 
aspect.  These  are  connected  by  a  lateral  ridge  which  encloses  a  deep 
fossa. 

Measurementi  of  VertebrcB, 

M. 

Length  axis , 0.089 

Greatest  width 096 

"        neural  canal 035 

Width  centrum  behind 044 

Depth  "  '??  .028 

Length  poster,  cervical 054 

Width  "  articular  face 05C5 

Depth  "  "        05 

Lengh  caudal 052 

Width     **        articular  face 057 

Depth     **  **        05 

**         "        young,  larger  animal,  with  separate  epiphyses 083 

**        articular  face,  dorsal  of  young 05 

WidUi  "  '' 062 

Length  centrum  of  "  0455 

The  earpala  do  not  present  marked  difference  when  compared  with 
those  figured  by  Leidy  under  M.  jeffersonii.  Among  the  tarsals,  one  as- 
tragalus is  exactly  like  that  of  the  latter  species ;  another  is  deeper  and 
ahorter,  viewed  from  the  inner  side,  with  vertical  truncation  below  in 
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front,  and  much  deeper  superior  ligamentous  pit.  Of  the  scaphoids,  two 
probably  of  the  same  animal,  are  deeper  posteriorly,  and  with  the  convex 
part  of  the  superior  articular  face  rounded  ;  four  others  are  flatter,  two 
with  the  articular  face  above  rounded,  and  two  subconical.  The  cuboids 
differ  in  the  degrees  of  depression  of  form.  Two  are  more  depressed, 
three  larger  less  so,  and  one  still  less. 

Tlie  metacarpaU  are  all  present,  and  belong  to  several  animals.  There 
are  four  of  the  first,  which  appear  to  have  belonged  to  two  species. 
Three  exhibit  the  articular  extremity  as  very  oblique  to  the  superior 
plane  of  the  bone,  and  including  a  groove  between  it  and  the  surface  of 
attachment  to  the  2d  metacarpal.  The  inferior  surface  exhibits  a 
swollen  knob,  and  a  pit  behind  it.  The  fourth  is  nearly  plane  above  and 
below,  with  the  articular  ginglymus  at  right  angles  to  both,  and  articula- 
tion to  second  metatarsal  also  at  right  angles  to  them.  No  groove  be- 
tween these  surfaces,  but  a  regular  concavity.  Outer  extremity  not  pro- 
jecting as  in  the  first.  The  other  metatarsals  have  the  form  and  propor- 
tions already  described  by  Leidy. 

M. 

Length  of  Metatarsus  1 045 

Width        **  posteriorly 036 

Length       "  II,  059 

Depth         **  **  052 

Length       **  III,  0ft45 

Depth         "  "  057 

Length       **  IV,  104 

Depth         '*  "  05 

The  phalanges  are  like  those  figured  and  described  as  belonging  to  the 
M,  jeffersonii.  Many  of  them  are  the  proximal  ones  of  greatly  shortened 
proportions,  characteristic  of  the  sloths.  The  penultimate  are  of  various 
sizes,  an  avei-age  one  measures  as  follows: 

M. 

Length 0.071 

Depth  behind. 045 

Width      "     037 

But  the  following  measurements  of  a  proximal  phalange  indicate  an 
immensely  large  example. 

M. 

Length 0.031 

Depth  behind 063 

Width      "     053 

The  tmgueal  phalanges  are  compressed  and  curved,  with  obtuse  rounded 
supeiior  margin.  Only  one  exhibits  a  tendency  to  the  acute  superior 
margin  characteristic  of  those  typical  of  M,  jefferaonii,  though  claws  of 
both  kinds  have  been  ascribed  to  the  latter.  The  inferior  plane  is 
gently  convex.      The  insertion  for  fiexor  tendon  is  expanded  laterally 
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over  the  origin  of  the  nutritions  foramen  on  each  side,  into  a  shelf :  gen- 
eral form  longitudinal  oval.  The  superior  direction  of  the  median  radius 
of  the  cotylus  for  the  last  phalange,  shows  that  the  claws  were  always 
fiexed  to  some  degree. 

Fragments  of  many  long  bones,  including  many  condyles,  accompanied 
the  above,  but  in  the  lack  of  certainty  as  to  their  proper  reference,  are 
Dot  described. 

This  species  is  dedicated  to  Charles  M.  Wheatley,  of  Phcenixville,  to 
whom  Natural  Science  in  the  United  States  is  under  many  obligations. 
The  expense  and  much  labor  requisite  for  the  proper  recovery  and  elucida- 
tion of  the  remains  contained  in  the  cave  are  entirely  due  to  his  libemlity 
and  exertions.  Similar  devotion  to  Science  has  preserved  to  us  the  finest 
series  of  fossils  of  the  triassic  period  of  the  Northern  States  in  exist- 
ence, and  the  finest  collection  of  fi-esh  water  shells  in  America. 

Megalontx  DissiMiLis,  Lcldy. 

Proc.  Acad.  Nat.  Sci.,  Phila.,  1852,  117.    Sloth  tribe  N.  A.,  45,  PI.  xiv., 

figs.  4 — 8,  xvi.,  8  and  15. 

Probably  represented  by  thi*ee  canine  molars,  which  belong  to  at  least 
two  individuals.  They  have  been  described  under  head  of  the  pre- 
ceding species  (see  1  a  c).  The  canine  molars  are  the  only  ones  which 
can  be  compared  with  Leidy^s  figures  and  descriptions,  with  which  they 
agree  closely. 

Mea$uremenU  of  teeth, 

M. 

Long  diam.  canine  molar,  larger  individual  of  1  a  c 0.036 

Short    "  "  "  **  0158 

Long     **  "  smaller  "• 032 

Short    **  **  •*  **  014 

Length  shaft        **  "  "  079 

This  species  is  evidently  about  the  size  of  the  if.  ulieatUyi  and  M. 
jefferaonii, 

MeGALOSTX  8PHEXODON,    CopC. 

This  species  is  the  smallest  of  the  genus  yet  known  from  North  Amer- 
ica. It  is  indicated  certainly  by  the  canine-molars  of  opposite  sides  of 
one  individual  only. 

These  teeth  are  fiat  and  a  little  curved.  A  principal  peculiarity  con- 
sists in  the  regular  increase  in  their  diameter,  from  the  apex  to  the  base, 
in  both  the  longitudinal  and  the  transverse  directions.  The  long  diame- 
ter of  the  triturating  surface  is  four-fifths  that  of  the  base  where  broken 
olt  The  dentinal  layer  is  thick  extei*nally  ;  it  contracts  after  turning, 
and  the  layer  of  the  inner  aspect  is  uniformally  thin,  but  less  so  than  in 
M.  diM$imili9,  The  inner  bulge  is  well  marked,  and  is  a  little  nearer  the 
anterior  margin  than  the  posterior;  the  latter  is  the  thicker.  The  tritur- 
ating surface  is  slightly  oblique  in  the  long  direction,  as  in  the  two  species 
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preceding  this,  and  concave  transversely  ;  the  inner  dentinal  plate  being 
worn  much  lower  than  the  outer.  Exterior  face  of  tooth  regularly  and 
gently  convex. 

M. 

Length  of  fragment  of  tooth 0.044 

Long  diameter  at  grinding  face 025 

**  **        **  base  fragment 0275 

Short        "        **      **  "        0148 

*•  **        **  grinding  face 0125 

The  question  has  naturally  arisen,  whether  this  tooth  has  not  belong- 
ed to  a  young  animal  of  M.  wheatleyi  or  M.  jeffersonii.  Its  small  size  and 
subconic  form  would  suggest  this  view.  Teeth  of  the  monophyodout 
type,  generally  possess  the  character  of  those  of  the  successioual  type,  in 
being  protruded  of  the  full  size,  and  not  increasing  in  diameter  with  age. 
Exceptions,  however,  occur  in  some  Rodentia,  as  the  beaver.  It  has 
however,  never  been  seen  among  the  numerous  teeth  of  sloths,  which 
have  been  studied  by  authors,  while  a  genus  allied  to  Mylodon,  Sphenodon 
of  Lund,  presents  this  character  at  maturity.  Further,  the  most  ex- 
panded portion  of  these  teeth  presents  considerably  smaller  dimensions 
than  the  smallest  of  the  M.  jeffersonii,  figured  by  Lcidy  ;  the  diameter  of 
the  triturating  surface  is  only  .G6  of  that  of  the  same,  (Leidy,  1.  c.  xvi, 
fig.  .6). 

In  the  moderate  development  of  the  inner  bulge,  these  teeth  are  like 
some  of  those  of  M.  wlieatleyi. 

Megalonyx  tortulus,  Cope,  sp.  nov. 
Established  on  two  corresponding  canine-molars  of  opposite  sides  of  a 
sloth,  found  in  association  with  the  preceding.    These  teeth  are  more  dis- 


n 
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tinctly  curved  than  in  the  three  species  preceding,  but  are  more  as  in  M.jef- 
fer^ionii  and  M.  loxodon.  Its  shaft  possesses  a  peculiarity  of  the  latter, 
which  is  not  seen  in  M,  wheatleyi,  M.  dissimilis  and  M,  tpJienodon,  i.  e.,  it 


isn.)  85  [Cope. 

is  twisted,  so  that  the  vertical  plate  of  the  triturating  surface  is  quite 
oblique  to  that  of  the  basal  portions  of  the  shaft. 

The  triturating  surface  is,  in  its  long  diameter,  transverse  to  the  mar- 
gfins  of  the  tooth  adjacent ;  the  short  diameter  is  very  oblique.  The 
bulge  is  well  marked,  and  in  the  specimens  a  little  anterior  to  the  middle. 
The  inner  layer  of  dentine  is  thickest  anteriorly,  where  it  is  but  a  little 
narrower  than  the  thick  external  layer,  but  it  is  nowhere  very  thin. 
The  outer  face  is  concave,  a  feature  not  seen  in  the  three  species  above 
mentioned,  and  not  exhibited  by  any  of  the  sections  of  the  teeth  of  M- 
jeffersonii  given  by  Leidy,  1.  c. 

M. 

Length  of  fragment  of  tooth 0.043 

Long  diameter  grinding  surface 0232 

Short      **  "  **        0145 

These  dimensions  show  that  the  Megalonyx  torfulus  is  not  larger  than 
M.  tphenodon,  perhaps  not  so  large,  as  the  diameters  of  the  apices  of 
their  teeth  are  identical,  while  that  of  the  base  is  equal  to  the  apex  in 
the  former,  greater  in  the  latter.  The  concavity  of  the  outer  face,  and 
disposition  of  the  dentine,  are  entirely  diflfcrent  from  that  seen  in  J/, 
and  sphenodon  other  species,  and  more  as  in  M.  jeffersonii  and  M,  loxodon. 

For  the  better  discrimination  of  these  sx>ecics,  the  following  synox)tic 
table  of  dental  characters  is  added. 

A  Canine-molars,  much  cui*ved,  of  equal  diameter. 
Large,  bulge  median  ;  grinding  surface  oblique.  3f.  jeffersonii. 

Large,  bulge  anterior ;  grinding  surface  a  groove.  M.  loxodon. 

Small,  concave  externally.  M,  tortulus, 

B  Canine-molars  little  curved,  of  uniform  diameter. 
Molars  triangular,  canine-molai's  less  compressed,  large.  M.  wheatleyi. 
Last  molar  oval,  canine-molars  more  compressed,  large.  M.  dimniilis, 

c  Canine-molai's  little  curved,  diameter  contracting  to  the  apex. 
Bulge  median,  dentine  thin  within,  small.  M,  $p7ienodon. 

Mylodon,  Owen. 

MyLODON   ?  HAUL  AN  I,  OWCU. 

The  remains  representing  this  genus  are  not  sufficiently  characteristic 
to  enable  me  to  determine  the  species  with  certainty.  They  consist  of  two 
imperfect  ungueal  phalanges,  and  the  distal  extremity  of  the  tibia.  The 
former  indicate  a  very  large  animal ;  they  are  stout,  convex  above,  with 
lateral  ridge  and  three  basal  plates.  The  flexor  insertion  is  broad  and 
flat,  the  foramina  well  developed.  In  the  second  phalange  the  middle 
inferior  plane  is  represented  by  an  obtuse  angle.  The  tibia  presents  the 
excavation  for  the  astragalus,  as  in  ^f.  robustvs  Ow,*  but  is  narrower 
or  with  less  anteroposterior  diameter  than  in  that  species. 

*8ce  Owen  on  Mylodon.  I'l.  xx  fig.  4. 
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Measurements. 

31. 

Long  diameter  end  of  tibia : 0.135 

Short        **        »*  **    (transversely) 08 

Vertical  diameter  ungueal  phalange  at  nutritious  foramina 053 

Transverse    **  "  **  **  "         037 

These  cla\vs  are  similar  to  those  of  the  M,  Tiarlani  which  have  been 
discovered. 

SciURUS,  Linn. 

SCIURUS  CALYCIKU8,  Cope. 

Species  nova. 

Established  on  two  imperfect  rami  of  the  under  jaw,  with  the  incisor 
and  first,  second  and  third  inferior  molars  in  situ.  The  size  approxi- 
mates it  to  the  S,  hudsoniuSj  and  exceeds  that  of  the  S,  panolius.  The 
forms  of  the  ramus  so  far  as  viable,  is  not  unlike  that  seen  in  the  same 
squirrel.  The  characters  which  distinguish  it  from  S.  hudsonius,  are 
chiefly  to  bo  seen  in  the  molar  teeth,  especially  the  anterior.  The  crowns 
of  all  ai*e  deeply  cupped,  and  the  tritruating  surfaces  form  anterior  and 
posterior  narrow  bounding  bands,  which  widen  outwardly.  The  margin 
of  the  tooth  is  elevated  and  entire,  except  externally,  where  the  two 
usual  low  cusps  are  separated  by  a  deep  notch.  In  the  8,  hudsonius 
the  interior  and  exterior  margins  are  both  emarginate,  each  notch  sup- 
porting a  median  cusp,  thus  forming  three  on  each  side.  The  anterior 
molar  exhibits  this  character  still  more  strongly.  Its  crown  is  a  cup  as 
wide  as  long,  with  high  uninterrupted  margin,  except  on  the  outer  side, 
where  it  is  deeply  notched.  It  has  but  two  roots.  In  8,  hudsonius  this 
tooth  has  thi*ee  roots,  is  longer  than  wide,  and  has  three  marginal  cusps 
on  the  inner  and  outer  sides  of  the  crown. 

Length  of  three  crowns  m.  0048  ;  length  exserted  portion  of  inferior 
incisor  m.  007  ;  transverse  diameter  do.  at  point  of  issue  m.  0023. 

From  the  extent  of  the  worn  surfaces  of  the  molaiit,  the  animal  de- 
scribed is  adult.  The  second  ramus  is  of  the  same  size ;  the  dental 
series  is  complete,  and  the  teeth  are  worn  so  as  to  present  a  dentinal  area 
surrounded  by  a  thin  margin  of  enamel.  The  outlines  of  the  teeth  are 
like  those  of  the  first  specimen. 

As  compared  with  8.  panolius,  the  sx)ecies  is  larger,  and  differs  in  the 
form  of  the  m.  1,  as  much  as  in  the  case  of  8»  hudsonius, 

Jaculub,  Wagler. 

Jaculub  ?  hudsonius,  Zimm. 

One  ramus  mandibuli  with  incisor  and  second  molar  preserved.  The 
latter  nearly  resembles  the  flgura  in  F.  Cuvier's  Dents  des  Mammifers, 
and  the  ramus  is  about  the  size  of  that  of  the  existing  jumping  mouse. 
Nevertheless,  in  lack  of  specimens  of  the  cranium  of  the  latter,  I  am 
unable  to  determine  its  specific  relations,  now  first  found  in  the  Postplio- 
cene. 
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Hespebomts,  Waterhouse. 

A  ramus  with  first  and  second  molars  and  incisor,  agreeing  in  details 
of  structure,  with  the  g^^up  with  which  our  recent  H.  leucopun  is  type, 
and  of  the  size  of  that  species,  not  certainly  referable  to  the  latter, 
without  further  comparison. 

Articola,  Lacep. 

Kemains  of  species  of  the  genus  are  numerous  in  all  the  cave  forma* 
tions  of  the  United  States  which  I  have  examined.  Those  obtained  by 
my  friend,  C.  M.  Wheatley,  are  referable  to  three  sections  of  the  genus, 
one  of  them  the  group  Pitymys,  as  defined  by  Prof.  Baird,t  the  others 
new;  one  intermediate  between  Arvicola  and  Pitymys,  and  third  an  ex- 
aggeration of  the  peculiarities  of  the  last.  They  are  defined  as  follows, 
the  character  of  the  sub-genus  Arvicola  being  added  for  comparison. 

Arvicola,  Lac.  Anterior  lower  molar  triangles  1  /j,  1  three  lobed ; 
middle  lower,  1  ? ;  middle  upper,  1  5. 

A.  riparia,  Ord.* 

liodelta,  Cope.     Anter.  inf.  molar,  1  H  ;  1  throe  lobed  ;  2d  inf.  mol.  1  J. 

A,  ipeothen,  Cope. 

Pitymys,  McMui-trie.    Ant.  inf.  mol.  1  f  1,  lobed  ;  2d  inf.  mol.  1  }  1. 

A.  pinetorwn,  Lee.  A,  sigmodus,  Cope.  A,  didelta,  Cope.  A.  tetra- 
delta.  Cope. 

Anaptogonia,  Cope.  Ant.  inf.  mol.  1  J,  1  several  lobed,  the  triangles 
all  connected  medially,  the  posterior  nearly  enclosed. 

A.  hiatideiu,  Cope. 

The  third  group  is  represented  by  the  gi-eatest  number  of  individuals 
and  species. 

Arvicola  bpbothen,  Cope. 

Sp.  nov. 

This  species  is  represented  by  the  entire  dentition  of  the  left  ramus 
mandibuli,  with  a  few  fragments  of  the  adjaeent  bone.  As  already 
pointed  out,  its  character  entitle  it  to  rank  as  a  distinct  section  of  the 
genus.  Thus  the  triangles  of  the  inner  side  of  the  anterior  inferior  mo- 
lar are  one  less  than  in  any  species  of  the  section  Arvicola.  The  anterior 
loop  presents  two  well  marked  angular  basal  areas,  while  its  terminal 
portion  is  regularly  rounded.    The  accompanying  outline  will  give  a  good 

tl  have  depended  on  Prof.  Baird's  well  known  work  in  studying  this  genus. 

•Articola  riparia,  Ord. 

Baird.  C.  S.  Pac.  R.  K.  Jjurv  ,  vlll.  522. 

This  species  hos  not  yet  been  found  in  the  Port  Kennedy  cave,  and  I  introduce  It  for  the  purpose 
of  recording  its  occurrence  in  the  cave  breccia,  Wythe  Co..  Virginia,  whose  contents  I  examined 
•nd  de8crlt>ed  In  Proc.  Am.  Phil.  Soc.,  18C9, 171.  It  Is  represented  by  a  left  ramus  mandibuli,  en- 
tire except  In  the  angle  and  condyle,  and  with  complete  dentition.  The  size  and  proportions  are 
Identical  with  thOM  of  the  existing  species,  as  are  also  the  triangles  and  form  of  terminal  trefoil 
k>be  of  the  anterior  inferior  molars.  There  Is  no  difference  to  be  observed  between  the  third  infe- 
rior molar  when  compared  with  that  of  A.  riparia  from  Pennsylvania,  but  the  anterior  alternate 
trtan^et  of  the  second,  are  not  Isolated,  the  reentrant  Inflection  of  the  external  enamel  plate  not 
mchinc  the  Internal,  as  In  the  recent  animal. 
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idea  of  its  form.  That  this  is  not  one  of  the  species  of  PitymyB,  in 
which  the  basal  lobe  of  the  janterior  trefoil  has  been  cut  off  by  unusual 
inflexion  of  the  enamel  angle,  is  demonstrated  by  the  structure  of  the 
second  molar,  which  is  precisely  that  of  typical  Arvicola,  all  the  triangles 
from  the  posterior  being  isolated  and  alternating,  producing  the  formola, 
1 10.  The  third  molar  has  the  usual  formula,  1-1-1,  the  posterior  two 
lobes  being  crescentic,  the  anterior  trapezoid. 

MecuuremenU, 

M. 

Length  grinding  surface  inferior  molars,  (No.  1) 0.0068 

*«  "  **        Ist    **        *•  "        008 

**    fang  and  crown      "      **        **  **        .005 

The  structure  of  the  molar  triangles,  i.  e.,  their  acuteness  and  thinnesa 
of  enamel,  induces  me  to  describe  here,  without  any  certainty  of  refer- 
ence, the  superior  molar  teeth  of  one  individual  found  near  the  same  time. 
The  formulae  of  the  superior  molars  are  (1)  1  ^,  (2)  1  ^,  (8)  ?  this,  so  far 
as  known,  identical  with  that  of  A,  didelta.  In  another  specimen  repre- 
sented by  incisor  and  sup.  m.  1.,  the  former  has  an  oblique  antero-exter- 
nal  face,  with  narrow  truncate  outer  face ;  enamel  not  striate,  emarglnate 
at  the  cutting  edge.  In  A.  didelia,  (fossil,  below),  the  antero-extemal 
face  is  more  oblique,  and  without  defined  external  plane  ;  the  end  is  not 
emarginate  (in  one  specimen).  This  tooth  appears  to  be  relatively  small- 
er and  weaker  in  the  9 A.  speotlien, 

M. 

Length  fang  and  crown,  1st  superior  molar  (No.  8) 004 

Width  enamelled  face  incisor      "  '*     001 


Arvicola  tetradelta,  Cope. 
Sp.  nov. 

Represented  by  a  portion  of  the  cranium,  which  embraces  the  2d  and  8d 
superior  molars,  and  parts  of  the  m.  1,  and  incisor.     The  formula  of  the 


two  molars  perfectly  preserved  is  1  },  1  h  The  tci-minal  triangles  are  as 
well  developed  inside  as  outside  ;  the  others  are  rather  small  and  obtusely 
angulated.  Those  of  the  m.  3,  are  entirely  separated,  and  the  last  is  not 
followed  by  a  loop,  but  is  completely  enclosed  behind  by  the  vertical 
enamel  plate,  which  bounds  the  corresponding  triangle  in  the  m.  2.  This 
is  a  character  which  distinguishes  this  species  from  any  other  of  the 


I  Arviutlft  wljich   tins  been  desoriljed  from  North  Americn,  of  vLicb 
responding  tooth  is  known.    The  last  triangle  is  slightly  angalate 
luUiiie. 

M. 

i  grindiog  face  of  m.  anp.  3  and  3 0.0037 

b  only  necetwar;  to  oompare  thia  8p«cieB  with  the  A.  »p»othcn  and 
tnluta.  in  which,  unfortuiutoly,  the  correBpondiug  tooth  is  unknown. 
It«  small  and  obtuitc  triangles  distinguiuh  it  hota  the  foiTner.  As  I'ednc- 
tjiin  of  the  torniinal  loop  ofihe  en.  inf.  1  is  characteristic  of  the  latter, 
t  tooth  might  bo  suspected  to  lielong  to  it,  but  tliere  is  a  real 
e  in  the  number  of  triangles  over  that  of  the  most  nearly  allied 
A.  diiUWi,  and  of  the  section  Pttymgi,  to  which  it  belongs, 
lug  most  to  tlic  sectioiis  Tiodella  or  Artieola.    Size,  .35  less  than  A.. 


AnvicoLA 


scnted  by  the  mandibular  rami  of  five,  And  superior  ilentition  of 
Inbly  tbn^  individuals.     One  imperfect  crani\im   contains  tho  deiiti- 

n  of  hotli  jaws,  thus  Qxing  the  relations  of  fragmentary  spccimsus, 
specially  in  the  more  important  reintion  of  the  anterior,  inferior  and 
IXMtorior  superior  molars.  The  characters  of  these  sliotr  that  it  is  allied 
to  the  A.  pineioram.  The  occoropunying  cuts  illnstratc  tho  form  of  the 
Arst  inferior  molar  tooth.  The  ridges  are  four  intern (il  and  threeeiter- 
iial.  TJie  second  molar  exhibits  the  formula  1  }  I,  tlie  anterioi'  area  with 
an  Approach  to  division  into  tno  trianglee,  alternating.  This  pecniinrity 
il  Dot  Men  in  Prof.  Baird's  llgure  oi  A.pinetnrum,\.  a.  liv.  1710,  nor  does 
Uic  latter  represent  the  loops  of  the  last  niolur,  as  exhibited  by  our  spcd- 
niens.  In  the  figure  they  are  oral,  in  ou  r  specimens  angidate  crascentic. 
As  the  figure  does  not  iigree  n'ith  the  description,  I  do  not  rely  on  it  for 
these  details. 

A  more  important  difference  is  seen  in  the  stnicture  of  the  superior 
third  molar,  which  Baird  desciibes  and  figures  as  having  but  three  isoia- 
t«t  areas,  the  lateral  angles  being  sub-opposite  and  confluent  medially. 
In  A.  diiMia,  there  is  an  internal  and  an  external  triangle,  each  entirely 
iiolated,  besides  tho  anterior  and  the  poaterior  loops.  The  last  differs  a 
little  in  its  developments  ;  iu  one  it  is  brond  heart-shaped,  the  apex  pos- 
l«rior ;  in  another  elongate,  the  sides  a  little  concave  ;  in  a  tliird,  mure 
elongate  nnd  concave.  The  formula  of  triangles  of  both  series  then  is: 
Sup.  1,  li-  a,  Ij.  a,!)!,     Infer.  1,  l;l.  2,  l]l.  3,? 

Prof.  Battd  docs  not  describe  the  triangles  of  the  posterior  superior 
moUn  in  tlie  Amicula  autUra  as  isoliiUKl.  though  it  might  he  inferred 
I  his  Ungiioge.  Ills  figure,  however,  roHembles  that  of  the  A.  pmt- 
(8ee  Baird,  V.  S.  Pac.  R.  H.  Surveys,  viii,  530.) 


Arvicola  i: 


>n  a  nearly  complete  ramus  niandibuli,  with  dentition 
^  pnWTved,     It  is  nearly  allieil  to   the   .1.  pmetorum,  difTering  p 
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cipally  in  the  form  of  the  tinteiior  lower  molar ;  (Ke«  scconipanytog  cut). 
The  aoterior  lobe  of  this  tooth  is  much  sliortcued  and  cresceutic  the 
iierhorn  of  the  creaccut  twhigtlie  apex  uf  a  ridge  of  the  tooth.  Thus  there- 
are  five  intcrual  and  three  external  ridges  to  tlie  tooth.    Trianglf 
inferior  serieB(l)  Ifl  three lobeil;  (3)  I[I  ;  (3)  1,  I,  1.    The  anterior  loop- 
of  the  Roeond  molar  ia  conti-octeil,  outUainK  two  Un.wgleB  .   the  lobes  of 
the  third  are  angular  suU-creacentlc,  the  anterior  tmpexoii).    Tliis 
differs  distinctly  in  structui-e  from  that  of  the  next  species,  (j,  v.     Th* 
A.  inri'lula  is  nearer  tlia  A.  finetorum,  and  is  of  the  same  siie. 

AttViroLA  BIOMODtS,  Cope. 

Bpecies  nova. 

This  species  belongs  to  the  same  group  (as  charaeteriEed  by  dentitiou),, 
as  the  lost  two,  and  is  of  about  the  same  size,  viz:  about  that  of  our  com- 
mon A,  riparia.  It  is  repreeeated  bj  three  imperfect  mandibular  rami, 
two  with  dentition  complete,  the  other  with  the  posterior  molar  only 
wanting,  tts  characters  ai«  neat  thotw  of  A.  aiuUra,  Lee.,  as  pointed 
out  by  Prof.  Baird.  It  differs  from  the  A.  didelta  and  A.  iavolvtao. 
the  present  paper,  in  tbe  Dve  lobed  anterior  loops  of  the  Hrtrt  inferior  mo 
lar.  The  loop  has,  therefore,  besides  the  two  basal  unenclosed  triaogleSf 
a  smaller  projecting  angle  on  each  side,  and  the  terminal  slightly  tuigu- 
lated  lube.  In  the  most  typical  spocimen,  tlie  median  angles  of  this  lobo 
are  as  pronilnent  (fig.  n)  as  the  basal,  or  tbe  triangles,  thongli  the  loop  of 
the  lobe  isnot  angulated  at  tbe  end. 

There  are,  thus,  five  iuteroal'and  four  uxtemal  ridges  of  the  tooth. 
The  triangles  arc  aa  usual  Ifl,  5  lobed,  T^)  1  {1,  (3),  I,  1,  I.  The  knta- 
rior  loop  of  the  second  is  contniotcd  as  in  the  two  preceding  species. 
Tbe  thii'd  is  quite  different  from  that  dcsoribed  under  the  head  of  A.  tn-- 
rolvta,  and  that  Dgured  by  Bainl  for  A.  pinetoruiu.  Thus,  its  three  looptu 
arc  cbiclly  extended  inwardly,  their  outer  angles  projecting  very  lltU* 
beyond  tbe  point  of  junction  ;  tliey  form  a  w  or  tiignift-sha|ied  grinding 
surface,  whence  the  name  of  the  siwcies,  Prof.  Baird's  llguiD  of  A.  i 
trra  represents  the  fir^t  inferior  molar  of  this  species  exactly,  but  is  v«i7 
diflbrent  iufbrmof  tbelast,  which  ia  like  thatofUie  j1.  irtrolute.  Bbauitt' 
however,  the  cbnrncter  as  here  <losci'ilied  in  tliis  tooth  of  .'i.  ligmoduK,  h« 
fiiunit  to  occur  in  the  .4.  aiitltra,  the  former  name  will  hiicomeasTUonyRia, 
of  tbe  latter. 

.Weutiirenieiift. 

M. 
Length  grinding  surfate  infer.  niolarH,  (No.  I.) ....  O.OOfiS 


1st 


.003 


"      fang  and  crown         "         "  "     

Width  inferior  intinor 0015 

Tlio  dental  scries  of  the  more  typical  specimen,  whose  m.  I  is  uutliacil. 
in  Dg.  a,  is  sniallur  and  relatively  a  little  nairower  than  tlic  ollioni. 

The  supposed  superior  DiatilUry  dentition  is  repivsontcd  by  boUiMMiea^ 
that  of  the  left  side  lacking  the  fiiitt  niular,  with  the  palatine  surface 
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one  upper  incisor.  The  lobe  formula  is  1  ?,  1  J,  1, }  1  three  lobed.  The  lobe 
of  the  posterior  molar  is  quite  elongate,  and  divaricates  into  two  angles 
anteriorly,  the  external  of  which  is  almost  isolated,  almost  giving  the  form- 
ula for  the  tooth  1^1.  The  teeth  of  both  sides  are  exactly  alike.  The  near 
approach  to  isolation  of  this  external  angle  is  due  to  the  deep  inflection 
of  the  posterior  inner  groove,  and  very  near  approach  to  a  corresponding 
incurvature  of  the  lobe.  This  specimen  is  referred  to  the  A,  Biginodus  by 
the  analogy  to  the  relation  between  superior  and  inferior  molars  seen  in 
A,  didelta.  In  the  latter  the  terminal  loop  of  the  inferior  m.  1  is  more 
simple  and  the  loop  of  superior  m.  3,  agrees  with  it  in  its  simplicity,  hav- 
ing nearly  the  same  form.  The  increased  complexity  of  the  anterior  loop 
of  the  inferior  m.  1  in  A,  sigmodus  is  sh.ired  by  the  m.  3  sup.  here  de- 
scribed, though  not  in  exactly  the  same  manner.    I  refer  it,  therefore,  to 

this  species  with  a  reservation. 

M. 

Length  of  dental  series 0.007 

Width  between  middle  of  m.  m.  2 005 

•*        incisor  tooth  in  front 0015 

Length  from  m.  2  to  incisive  foramen 0049 

ARVICOLA  HIATIDEN8,  CopC. 

Species  nova. 

Represented  by  several  molar  teeth.    These  are  several  times  as  largo 


as  the  teeth  occupying  the  same  position  in  any  of  the  species  already 
mentioned  in  this  essay,  and  suggest  the  genus  Fiber.  The  distinctive 
features  of  the  latter  are  the  compressed  oar-like  tail,  with  rooted  molars, 
and  it  is  evident  that  the  relationship  of  this  species  is  not  to  it.  Perhaps 
it  is  neither  an  Avicola  nor  a  Fiber,  since  it  differs  in  the  structure  of  the 
teeth  from  the  known  species  of  both.  None  of  the  triangles  are  isolated, 
but  are  connected  by  a  nan'ow  strip  of  dentine,  which  is  narrow  posteriorly 
but  widens  anteriorly  until  it  opens  out  into  the  terminal  loop.  Thus 
the  sectional  name  Anapiogonia  may  be  found  ultimately  applicable  to  a 
separate  genus.  The  separation  of  the  enamel  folds  merely  carries  to  the 
highest  degree  that  which  is  seen  in  the  anterior  part  of  the  tooth  of  ^. 
tigmodu9. 
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In  tlie  inferior  m.'  1,  the  triangles  which  do  not  open  on  one  aide  to  tho 
anterior  loop  arol},  then  one  on  eiVoli  aide,  aadtheshortnido  terminal  loop 
whiehisbilobedoremarginiite  in  the  middle  of  tho  end.  The  ridgen,  which 
are  very  prominent  and  acut«,  ai:e,  therefore,  l{ ;  at  the  extremity  there  are 
two  ehoi't  ones,  between  which  a  third  and  more  prominent  one  risen  a  little 
below  the  grinding  surface.  A  little  mure  attrition  would  give  the  diatal 
loop  a  trilobate  outline,  and  a  little  more,  an  acuminate  one,  from  the 
lofie  of  the  lutcml  angles ;  finally  the  median  ridge  disappears  also.  In 
il8  present  state  one  of  the  terminal  lobes  is  almost  external,  making  the 
ridges  J. 

Meaiurementt.  ,V. 

Iiongth  trrinding  eurbce 0.0O5 

Width  "  0084 

Length  (bng  and  crown 0078 

The  accompanying  cut  of  twice  natural  size  eiplainstbe  above  remailu. 

Two  opposite  molars  held  in  natural  relation  by  the  matrix,  reaemlile 
the  Above  in  struoture  and  size  so  closely  as  to  leave  little  doubt  that  they 
belong  to  the  same  speciaa,  Whether  they  should  be  referred  to  the 
superior  or  inferior  series  is  uncertain,  though  analogy  with  the  ffypv- 
rtfflu*  gapperi  would  surest  tho  latter.  They  represent  tlif  right  and 
left  secoud  mohirs,  and  the  triangular  areas  if  isolated,  would  he  1],  not 
one  of  tbcm.  however,  is  isolateil,  the  dentino  beiug  continuous  round  Uie 
entering  nngles  of  enamel.  The  failure  of  these  angles  to  much  the 
enamel  margin  of  the  side  towards  which  they  are  dirtiot«I.  and  an  ap- 
proach to  parallelism  of  the  entering  and  projecting  enamel  platen  pro- 
duces a  triturating  surfaoc,  liaving  the  form  of  a  succession  of  W«. 
This  is  the  reverse  of  what  oacurs  in  H}iptidtji»  gapperi  according  I« 
Prof.  Bi^ird,  where  the  triangles  become  confluent  at  their  bases,  tlina 
extending  all  across  tlic  crown ;  the  same  thing  is  seen  in  the  postorior 
inferior  molar  in  all  tho  species.  There  is  no  trace  of  roots  to  these  t«oth 
or  that  previously  described.     Length  of  crown  of  second  molnr,  m.  DOM. 

A  third  specimen  is  represented  by  tlio  molars  of  both  maxillary  bones, 
mueb  braken,  the  posterior  of  one  of  the  scries  only  beiug  entire,  Thi» 
tooth  is  slightly  curved,  and  exiiibita  tliree  ridges  on  one  side,  and  four 
on  the  other;  tiiangles  If  and  n  short  loop  with  two  basal  angles  the 
inner  more  prominent  tlian  the  other.  None  of  these  triangles  ore  iaolatod, 
but  are  rather  angular  expansions  of  the  continuous  dentine.  The  two' 
inner  angles  are  much  iiioi'e  prominent  than  tho  outer,  but  in  old  ago  the; 
would  probably  be  cijnal,  judging  from  thelv  appcaranceat  the  baseofttM 
tooth.  Viewed  from  below,  they  appear  to  be  closed,  sljuwing  that  the 
cliarueter  of  the  group  Aaaptosonia  in  this  respect  is  derived  ftoin  A_ 
"  retardallon"  of  growth  in  3  point  which  is  oariy  attained  in  true  Arvieola. 

Length  of  tooth O-OW 

"        crown : 0,003 

Width  palate 0.004 


*'•»  tCope. 

ERETinzON,  Cuv. 
I  remans  of  a  porcupine  of  the   »xistin^  Nortli  American  genuB 
in  ttie  deposit.    It  is  evidently  dlQ'-eieiit  team  Uie  rauent  E.  doriaium 
resents  tlie  rollowiug  cbnractors. 

ER1TIII7.0S  ClflACISl'M,  Cope. 

itepresentod  by  a  last  superior  molar  of  the  left  aide,  nnd  a  portion  nf 
one  of  the  inferior  incisors.  Tlie  fornier  indicatos  the  disUiiulness  of  the 
«peci«8  by  two  pecnlinritiea.  One  of  these  is  the  greater  vertical  depth  of 
the  external  inflection  of  enamel.  It  is  nearly  as  deep  as  the  intorDal, 
wliile  in  B.  dormtum  it  is  very  muel)  shallower,  the  internal  extending 
down  to  the  alveolar  border.  Thid  appearance  in  the  preMnt  cpecies  is 
not  due  to  deficient  attrition,  for  the  molar  in  question  U  well  worn,  bo 
Rs  to  Icavo  tlie  inarjfins  of  the  anterior  island  well  posterior  to  the  anterior 
enamel  margins  of  the  tooth.  This  anterior  island  is  a  transverse  oval. 
Slightly  concave  holiinil. 

Tbe  general  form  of  this  tooth  is  T  shaped,  with  an  expanded  triangular 
bwe.  The  second  speciQc  character  is  seen  bero  ;  for  while  tlie  recent 
itpefiies  poaesses  an  enamel  island  or  annulus  which  occupies  this  space 
entirely,  the  E.  doaeinum  exhibits  two,  tlie  additional  one  being  on  the 
inner  side  and  smaller  tlian  the  usual  one.  It  is  suboval,  and  occupies 
the  inner  posterior  angle  of  the  triturating  surface,  which  is  expanded, 
and  leas  than  aii-jht  angle.  I  Snd  no  ti-ace  of  tliis  in  five  crania  which  I 
d  the  opportunity  ofexaminiug,*  Tlie  sizes  of  both  this  tooth  and  the 
e  about  equal  to  tlie  Iil^ges^  seen  In  the  E.  darmtum.  The 
nelof  the  latter  is  not  smooth,  aad  tiasamiuute  interrupted  striation. 
Lntero.poHterior  diameter  of  crown  of  molar  m.  0076  ;  transverse  do. 
POOTT :  widtli  anterior  fiine  of  incisor  m.  0055. 
Lepcs,  Linn. 
LBrns  stLvATicvB,  Bncbm. 
,  of  six  Individuals  not  distinguishable  Trom  this 
Kcent  speciM.  Tlie  palatal  Kurface  of  one  is  exposed,  and  is  longer  in 
telDition  to  its  width  than  in  a  recent  example.  Thus  in  the  former  the 
length  enters  the  width  between  the  two  anterior  ivlveol I  1.3  times;  in  the 
Utter  1.6  times.  In  Prof.  Ctird's  figure  it  enters  1.4  tiroes.  Sonieof  the 
spe«imens  are  smaller,  some  larger  than  the  averagte  of  our  recent  ones. 
One  of  them  hfld  an  oval  mass  of  carbonaoeous  mattei 
tebiy  the  remains  of  its  unswallowed  vegetable  food. 
PniOTHKniDM,  Cope. 
lara  similar  to  tbo9B  of  L«;;uj,  rootless,  with  oval  cr 
IB  axis  of  the  iieries,  all  simple;  mnsticatory  surface 


inedlau  ridge,  enamel  i)oiindary  eniarginate  o 
In niAxillary  bone?  four. 
>i  ■  luitvm  or  iiie  a.  iiumu 


L  its  month, 


transversa 
divided  by 


the  inner  side.     Numlier 


Cope] 
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Praothbrium  falatikum,  Cope. 
Species  nova. 

This  rodent  is  represented  by  the  palatal  region  of  the  cranium  of  one 

individual,  with  four  superior  molar  teeth  of  each  side  in  position.    The 

latter  diverge  symmetrically,  probably  in  consequence  of  pressure.    But  a 


small  part  of  the  palatine  surface  is  preserved.  The  normal  number  of 
teeth  is  uncertain,  but  the  anterior  tooth  is  known  from  its  relation  to 
the  fragments  of  maxillary  bone  and  perhaps  zygomatic  arch.  It  resem- 
bles the  three  molars  which  follow  it.  Behind  the  fourth  no  trace  of 
tooth  or  bone  could  be  found  on  exploring  tlie  mati*ix,  though  the  latter 
was  unbroken,  hence  it  is  possible,  though  not  certain,  that  there  were 
none. 

The  genus  differs  from  those  of  the  Oeomyinae  of  Baird,  in  the  sim- 
plicity of  the  first  molar.  The  wide  palate  and  narrower  zygoma,  as 
well  as  the  forms  of  the  teeth,  are  those  of  the  rabbits,  but  it  differs  from 
the  two  genera,  Lepiis  and  Lagomya,  in  the  identity  of  structure  of  the 
first  molar  with  the  others,  and  the  absence  of  an  enamel  band  dividing 
the  triturating  surface  of  each  of  them.  In  some  of  the  teeth  a  trace 
of  the  dividing  lamina  is  visible,  but  does  not  appear  to  have  been  ele- 
vated into  a  crest  of  the  grinding  surfaces. 

In  specific  characters,  this  rodent  differs  from  our  rabbits  in  its  small 
size,  and  in  having  the  molars  deeply  longitudinally  grooved  on  the  inner 
face,  instead  of  the  outer.  In  woru  teeth  this  groove  is  continued  into 
the  grinding  surface  of  the  crown,  without  interruption  from  the  enclos- 
ing enamel.  The  form  of  this  surface  is  then  an  oval,  notched  on  the 
inner  side,  and  rounded  or  slightly  truncated  on  the  outer.  The  palatine 
face  is  but  partially  preserved,  and  is  considerably  wider  in  proportion  to 

the  diameter  of  the  teeth  than  in  Lepu$  ij/hatieui, 

M. 

Length  crown  of  four  consecutive  molars 0.0061 

Width        "  one  molar.. 0021 

**      palate  between  bases  of  molars 0100 

ScALOPS,  Cuv. 
The  only  remain  certainly  referable  to  this  genus  is  a  humerus.    As  the 
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form  of  this  element  is  very  characteristic  amon^  the  Talpidse,  the  spe- 
cies may  be  determined  from  it  with  considerable  precision.  Its  form 
is  less  stout  than  in  Talpa  europcM  and  Sealops  aquatieus,  but  consider- 
ably more  so  than  in  Condylura  eristaia.  In  the  uncertainty  as  to 
whether  it  can  belong  to  Scdlop%  brewerif  I  leave  it  without  a  name. 

?  Vbspertilio,  Linn. 

Numerous  slender  bones  referable  to  this  or  an  allied  genus,  are  found 
in  the  cave  deposit. 

Mastodon,   Cuv. 

Mastodon  American  us,  Cuv. 

Numerous  fragments  of  teeth,  cranium,  vertebrae,  and  extremities,  of  a 
large  individual,  with  tusks  measuring  five  to  six  inches  in  diameter. 
Some  three-crested,  and  several  primary  or  two-crested  molars,  indicate 
a  second,  smaller  animal. 

Tapirus,  Briss. 

Tapirus  ambricanus,  Auct. 

Numerous  teeth  from  all  i>ositions  in  both  jaws  indicate  several  indi- 
yidnals  of  differeut  sizes.  Some  of  them  are  of  the  size  of  the  existing 
species  of  South  America,  and  do  not  exhibit  any  differences  of  specific 
importance. 

Tapirus  haysii,  Leidy. 

Holmes'  Postplioc.  Foss.  8.  Ca.,  PI.  xvii.  figs.  4,  5,  7,  8. 

Four  superior  and  six  inferior  molars  do  not  differ  in  any  respect  from 
those  of  the  preceding  speciQS.  excepting  in  size.  In  tliis  they  exceed  the 
latter,  having  about  twice  the  superficial  area.  Leidy  appears  to  have 
proposed  this  species  on  account  of  size  only,  and  the  specimens  may  in< 
dicate  a  valid  species.  Two  superior  molars,  perhaps  referable  to  the 
T,  americanut,  differ  less  in  size,  exceediufc  a  little  those  of  oui*  recent 

specimens. 

Dimensions  of  three  superior  molars  of  the  largest  ( T,  Jutj/iii),  medium 

and  smallest  (2*.  americanus)  size  are  given.    The  last  two  are  worn,  the 

first  had  not  protruded  through  the  gum. 

M. 

Length,  1 0. 029 

Width,  1  (greatest) 0332 

Length,  2 023 

Width,  2  (greatest) 029 

Length,  3 0218 

Width,  3  (greatest) 025 

In  addition  to  the  teeth,  there  are  numerous  bones  of  the  extremities, 
tarsus,  &c.,  and  vertebrae. 

Equus,  Linn. 

Numerous  phalanges  of  two  species  of  slender  proportions  and  smaller 
size  than  the  recent  domesticated  horse.  Neither  the  species  nor  genus 
are  determinable  as  yet,  from  the  remains. 


Cope.) 
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Boa,  Lion. 

Extremitj  of  it  femur,  se-vecal  patellee  and  fragments  of  tnetatareak  of 
H  large  speciuH  of  ox  orbisoa  are  preserved  with  tbe  othoi'S.  Tlie  epede* 
is  not  yet  determined. 

There  arc,  perhaps,  two  other  species  of  ungul.ite  auiiunla  uot  su 
(ictermiiied. 

"Unaca,  L. 

UiteuB  pniHTiKra,  Leidy. 

Aretodai  prittimn,  Leidy.    Proc.  Acad.  Nat.  Sci.,  Philada.,  1S54,  90, 

Holmes'  Postplioceno  Fowils  S.  Carolina,  1800,  115,  R.  xxili,  f.  3-4, 

Thin  benr  Iins  been  known  bilherto  hy  a  molar  of  tlie  lower  Jaw  foand 
by  Pi'of.  HolmcB  near  CbarlestQu,  8.  Ca.,  aiid  the  references  above  Indi- 
cate descriptions  and  Ugurcs  of  tliis  tooth  alone.  Hr.  Wheatley'd  colleo- 
tion  contains  the  first  and  second  molai'S  in  a  portion  of  the  right  r*mus 
of  tbo  mandible,  and  the  canine  and  firet,  xecond  and  third  molars  of  U 
left  ramus  separated  from  it.  There  are  also  vcrtebm)  of  bears  tnaa  tho 
cervical  and  dorsal  regions,  wliick  are  appropriate  as  to  s\zf,  and  w 
found  at  near  tho  same  time  as  the  teetb. 

A  character  which  at  once  diEtingiiislios  tbis  bear  from  all  Lboae  n 
Uving  in  the  northern  hemisphere  (fannally  speaking),  and  those  known 
to  have  inhabited  it  during  the  postpliocene  period,  is  seen  in  the  flrat 
molar.  Instead  of  tbe  usual  two  scries  of  tuborules,  it  lias  on  its  ante- 
rior balf  a  single  rather  obtuse  crest,  above  tbe  oiiler  side  of  Ibo  en 
Tlie  crest  commences  with  the  apex  of  an  elevated  conical  tul)erR)e,wbioh 
marks  a  point  three-fifths  the  length  of  the  tooth  from  its  posterior  e 
tromity.  Two  very  small  worn  tubercles  are  seen  behind  it  on  each  siito) 
in  tbe  specimen,  while  the  greater  pBi-t  of  ttie  surface  of  the  crown  is 
uearly  plane,  and  covered  by  unbroken  enamel.  It  is  a  little  depressed, 
and  comproesed  from  the  outer  side  at  the  posterior  thiiil.  Tho  enamel  of' 
tbe  inner  side  of  the  crown  is  smooth,  of  the  outer  side  obsolelely  VM- 
i^se.  The  second  inferior  molar  is  about  as  long  as  the  first,  but  wider, 
and  of  different  character.  The  triturating  surface  is  paratlclogrftinmio 
rounded  at  the  ends,  and  nurowed  at  the  anterior  third,  and  i 
tracted,  as  compared  willi  tlie  width  of  the  base  of  the  crowd. 
Tbe  enamel,  though  worn,  is  nowhere  woru  through,  aud  its  t 
face  is  remarkable  for  tbe  almost  absence  of  tubercles.  Tbo  grind-, 
ing  surface  is  concave  transvenioly,  and  is  bounded  by  eluvat«d  mar' 
gins.  Tbe  inner  and  outer  display  each  three  obtuse  clovatiatM,  tbi 
latter  the  better  defined,  the  anterior  tbe  most  elevated  and  connsetedbf 
a  low  croKS  ridge,  which  is  depressed  in  tlie  oontro.  Tlie  iuucr  sidi 
the  crown  is  swollen  at  the  base,  and  more  oblique  than  the  outer ;  bolIl> 
are  marked  with  obsolete  ridge«,  which  descend  from  Uie  grinding  face, 
those  of  the  outor  most  distinct.  The  htsi  inferior  molar  is  two-thlnls 
the  length  of  the  penultimnte.  The  form  Is  oval,  broad  anteriorly, 
row  posteriorly.  Tho  orown  is  low  and  Hat,  without  tulMrolcs,  the 
margin  a  llttio  elevated,  and  inuriorly  and  posteriorly  mammiUated  ;  U 
has  a  single  oonipressed  toot. 


TlJtt  iDferiur  cauine  is  represented  by  a  crown.  It  is  roranrkably  iliort, 
nnil  stout  nt  the  base  ;  the  pOHterior  oullino  very  coucave.  The  umwl 
iibiuse  keel  is  soon  on  its  anterior  inner  aapeut,  aad  worn  Kurface  pustero- 
eituriorly.  Tlie  apex  of  Uio  crowu  ia  vrorti  by  uau.  Tlie  eoialler  pre- 
nioliira  have  nut  b«en  renovcivd,  but  the  la»l  or  sootorial  liaa  Urt  Its 
impression  in  front  of  tike  first  molar  in  place  iu  the  uiatrii,  and  appeal's 
Id  Imve  been  of  the  proportions  lieen  ia  the  grizzly  bear, 

M. 

Leugth  three  infeiior  molani  and  Toiirth  premulnr  together O.OUfl 

,  do       M.Iorown 021) 

o       anteriorly - ,     ,018 

gtbM.  II 081 

lo       anteriorly 0303 

hM.  in.. oass 

1th  &nIerior1y '. 0188 

[MMteriorly .Oias 

h  croim  and  root 03S 

B  this  species  probably  cqnalled  the  griizly  beur,  as  the  leelh  aiv 
aBtboee  of  nnyof  the  mimei-ouB  crania  in  the  Museum  of  the 
Idemy  Natural  Sciences,  though  Ffof.  Baii-d  gives  measurements  of 
■  in  the  Smithsonian  coUeotions,  which  are  larger.  Should  the  teotli 
related  to  the  skeleton  a.i  in  our  black  bear  U.  ninericitnuii,  a.  still  lavgev 
in  indicated.  The  nearest  relationship  In  the  chiiraclerB  of  dentition 
be  seen  in  the  U.  hiinaeretmt,  of  Oervaia*  of  Buenos  Ayres.  It  has 
It  pecniiar  forra  of  the  lirst  niolsir  iie«n  in  {''.  prUtinut,  but  dlU'ers  spe- 
dfieally  in  that  of  the  second,  which  is  interrupteil  in  one  of  itii  outlines 
and  tnUier  more  tubercular, 
■^■k^As  compared  with  ETV-iu*  ampUdenii,  Leidy.  tlic  following  relatione  np- 
I^^^Hkr.  The  last  molar  has  a  smaller  crown  than  in  the  tyi>e  specimen  of 
^^^^B latter.  In  U.  prUtiaua,  and  the  last  ia  between  ,50  .TC,  the  length  of 
^^^^^B  second  molar;  in  U.  (implident,  exactly  as  in  U.  ft'imbiiu,  five-sixths 
VHHigth  of  crown,  or  equal  the  extent  of  alveolie.  The  third  molar  m  less 
'''^'  ^'  «mlract«d  behind  in  the  type  specimen  of  U.  ampliden».  The  latter 
species  appears  to  be  in  many  ways  nearly  allied  to  the  grizzly  bear- 

Tbo  discovery  of  this  species  by  Mr.  Wbeatley,  iu  Pennsylvania,  is  pai'- 
licularly  interesting,  as  llxing  an  extended  range  for  it,  and  proving  that 
our  cave  bear  is  totally  distinct  from  tliat  of  Europe,   and  rather  of  the 
typ«  which  was  associaled  with  tho  gigantic  sloths  iu  the  southerD  ro. 
IS  of  South  America,  at  the  same  geologic  epoch. 
Fklib,  Linn, 
o  prOKlmal  phalanges  of  a  species   of  this  or  an   allied  genus,  were 
d  by  Mr.  Wheatloy.    They  pertained  to  an  animal  of  the  size  of  the 
r,  {Fillti  onca),     A  fragment  of  a   canine  tooth  indicates  a  cat  as 
the  tiger,  but  is  too  imperfect  to  allow  of  detenui nation.     Some 
e  of  It  carnivorous  animal,  perhaps  of  a  dog,  were  also  found. 
,  •Pitaifonloins)- or  c^itpiimis  Aiiim.  nonj.uuR.r  im.Suii,,  Pi.  ne. 


Cope.]  9°  [April  7, 

The  result  up  to  the  present  time  may  be  summed  up  as  follows: 

Edentata.  Species.  Individoali. 

Megalonyx 5  15 

Mylodon 1  ?2 

Rodentia. 

Anricola 0  15 

Hesperomys 1  1 

Jaculus 1  1 

Sciurus 1  2 

Erithizon ,  1  1 

Lepus 1  7 

Praothorium 1  1 

Undetermined 2  2 

Insectivora. 

8oalops 1  1 

Chiroptera ?1  6 

Ungulata. 

Mastodon 1  2 

Tapirus 2  4 

Equus 2  8 

Bos 1  3 

Undetermined 2  8 

Camivoi*a. 

Ursus 1  ?2 

Canis ?1  1 

Fclis 2  2 

Mammalia  total 34  72 

Of  birds  there  are  fragments  of  two  species,  one  a  turkey,  with  the 
spur  preserved,  probably  the  M.  altuf,  Marsh;  (If.  a uperbuSj^  Cope.  Traoi. 
A.  Phil.  Soc.,  1870,  pp.  239,  ii),  the  other  a  snipe.  The  reptiles  include 
one  or  two  species  of  tortoises,  and  throe  or  four  serpents.  There  are  a  few 
bones  apparently  of  Batrachians.  The  whole  number  of  species  of  Ver- 
tebrata  is  about  forty,  represented  by  perhaps  ninety  individuals. 

Dr.  Geo.  H.  Ilorn,  to  whom  Mr.  Wheatley  submitted  the  insects,  re- 
ports, at  an  early  stage  of  the  investigation,  thirteen  species  of  Coloptera 
and  two  or  three  of  other  oi*ders,  including  Orthoptera,  We  await  with 
much  interest  the  further  results  of  this  research,  as  the  determination 
of  Postpliocene  Coleoptera  has  not  been  practicable  heretofore.  The 
names  already  published  by  Dr.  Horn,*  are,  CnrsihiiXai—C j/chrm  whsaUeyi 
Cyehrun  minor^  Cymindis  aurora^  Chlaeniui  punctatissimtis^  Pteroitiehut 
laevigatus,  Ft.  hngipennin^  Dicaelun  'alutacem  ;  Scarabaeidse,  Aphodiu$ 
scutellarutf  Apho.  micana^  Phaiuuui  antiquum  ;  Copritt  pnnctulatui  ;  His- 
tcridse  ;  Saprinus  f  ebeninus, 

t  As  It  Is  now  flfleon  months  stnc«  Prof.  Marsh  announcu4l  hU  species,  and  no  descrtpUoD  hat 
yet  appeared.  It  appears  to  nie  that  M.  tupeHnu^  the  only  name  accompanying  a  description,  will 
have  to  be  adopted,  If  the  two  are  really  the  same. 

•Am.  Jour.  Scl.  ArU.  1871. 385.  In  a  notice  by  C.  M.  Wheatley. 


Obnbrat.  OnsBitvATiOHB. 

Several  authors  have  noticed  the  great  difference  in  i?harficter  between 
Ue  po«t|)Iiocc<ne  fiiuna  of  North  Amoricn,  and  those  whJi-h  iirec«dud  it, 
ia  Tntury  time.  It  is  wall  known,  that  while  the  Miocene  Hainniiilinam 
Diore  or  less  Riniilar  to  those  of  Miocene  Eiirop«  and  Asia,  and  the  Plio- 
Mne  rettebntta  have  a  Dorrespondinf;  resemblance  to  thoH  of  the  eaine 
period  of  Europe  and  Asia,  a:id  the  present  one  of  Africa,  tlie  postplio- 
cene  reiiemhles,  in  niauj  particulars,  that  of  South  America  or  th(<  Neo- 
tropical region. 

In  examining  the  list  of  postpliocane  mammalia,  known  up  to  1887,* 
I  found,  that  of  30  species,  eleven  were  represented  hj  members  of  the 
nme  genus  or  family,  in  tlie  Neotropical  region.  In  All  enumeration  of 
the  sjiccieii  from  tbu  caves  in  1806, f  which  included  27  epecles  of  S3  gene- 
ts, six  genera  were  shown  to  be  of  neotropical  type.  In  an  unpublished 
list  of  vertohrata,  which  the  writer  exhumed  in  a  bone  breccia,  from  a  cave 
In  East  Tennessee,  there  are  twenty  specins  included.  Prominent  among 
Uieae,  are  iftgalonj/z,  DieolyUt,  Tapiritt,  Grrrun,  and  ■Sri'vitin,  the  Arst 
Ihroe  neotropical.  The  s[)ccieG  fiom  the  Foil  Kennedy  bone  t^ve  may 
be  arranged  as  follows: 

SpeoieH. 

Keotropieal  forms II 

PMuliav  Nearotlc  (North  America) S 

Gener*  commoQ  to  north  of  both  Hemispheres... 11 

Uneertwn 0 

Total 34 

Tlie  theory  of  evolution  requires  that  change  of  fauna  in  any  very 
brief  period  of  geolc^ic  time,  should  be  accomplished  by  migration.  Ac- 
cordingly, nutbore  have  suspected  that  Asia  and  North  America,  and 
perhaps  Enrojie,  were  connected  by  Inad  duiinn  the  mlooene  period. 
ThnsLeidy,  (Mammalia  of  Dakota  and  Nebraska,  1801),  p.  300),  Huspecta 
ihat  North  America  was  peopled  fVom  tlie  west,  from  a  continent  now 
mbmereed  beneath  the  Pacific  Ocean.  Prof.  Huxley  (Anniv,  Address, 
Lond.  Oeolog.  Society,  I8T0),  makes  a  similar  propoBition,  but  adds  that 
tberv  is  no  evidence  as  to  whether  the  connection  was  with  Europe  or 
Axia-  III  describing  fossil  Cabilida,  a  family  of  fresh  water  flnfaos,  from 
Idaho,  in  1671,  (Proceed.  Am.  Philo.  Soc-,  p.  SS,)  I  have  adduced  evidence 
thai  the  oounectJoD  was  with  Asia.  These  Cabilid<p,  as  is  well  known, 
t>ave  no  existing  representatives  in  America,  and  are  one  of  the  Asiatic 
types,  rharaoterfstic  of  our  Pliocene  period.  As  fresh  water  fishes,  their 
mlgiation  ia  restricted  to  fresh  water  communication.  Now,  as  the  Rocky 
Mountain  ranges  were  in  large  part  elevated  prior  to  Pliocene  time,  and 
the  water  courses  bud  their  present  directions,  it  is  obvious  that  the  mi- 
gration of  fresh  water  fishes  occupying  wateis  on  the  west  side  of  those 
CUgeK,  must  have  been  to  or  from  the  wast,  and  nut  the  east.     That  these 


100 


[April  7, 


flslies,  tlien,  passed  through  fredi  water  oonuection«,  existing  on  a  conti* 
neiit  DOW  submerged  beneatk  tUo  Pauilic  Ocean,  Keuoia  pii^bable. 

The  (leslruction  of  tlie  Pliocene  fauna  is  Ei'nci'allj  admitted  to  bave 
been  brought  about  by  tbe  rigora  of  tlie  glitoial  climate,  and  tlie  oxtenuuD 
Boutliward  of  tbe  icu  sheet  and  snow  falla.  Near  the  anxne  time,  c< 
ueotion  with  Asia  must  have  been  severed  by  tbe  descent  of  the  Noi 
Pacific  Conlinant-  Some  Fliouenc  types,  not  now  existent  in  North 
America,  mnj  have  been  driven  into  the  Neotropical  region,  and  may  be 
still  represented  in  their  desoeudnnta,  tbe  Lamas,  tlie  only  existing  Ci*- 
tnetida  of  the  new  world,  with  the  horses  and  perhaps  others  of  the  higher 
mammnlia  of  that  I'egion.  The  oxisteiice  of  the  extinct  MaiCodan,  Maeh- 
aeroda;  etc.,  tu  tlie  iinstpUocenc  of  the  same  region,  mentioned  by  Hux- 
ley, as  a  puzEbug  fact,  (.AddresB  1.  c.)  may  be  accounted  for  in  the  > 

Ofcoarse,  ou  the  northward  retreat  of  the  ice  sheet,  tbe  manimalift 
fauna  would  buve  to  be  derived  from  the  south,  for  commanioation  diruot 
with  Asia  no  longer  existed.  If  Behriugs  straits  were  not  yet  op«D*d|. 
tbe  masses  of  glacial  ice  ooveriug  those  regions  would  elTectually  prevent, 
immigration  by  tliat  supposed  connection.  The  resulting  Postpliocmtt 
fauna  would  nalunilly  partnke  of  the  miscd  character  which  our  brief  in' 
vestigatiouB  iiiio  it  have  revealed.  The  neotropical  forms  would  occapj' 
regions  left  vacant,  or  peopled  by  a  sparse  remnant  of  bui'eal  genera  and 
species.  This  view  t  pi'oposed  some  time  ago,*  and  Dr.  Leidy  bos  added 
his  valuable  opinion  to  tlie  same  effect. t 

Has  nn;  great  disturbance  of  level  intervened  between  tbe  occupation 
of  the  piist-pliocene  fauna  and  the  present  periml  ?  Prof.  Dana  tUanuat 
of  Geology,  18(12, )  summarizes  the  insults  attained  up  to  his  writiug  (p. 
fi53),  by  showing  that  the  period  succeeding  the  glacial  drift  was  ono  of 
Bubmergcflco,  eepeiually  in  ai-ctic  latitudes.  He  states  the  depresdion  n 
Montreal  to  have  been  450  or  more  feet,  and  1000  feet  in  Arctic  regions^ 
Uf  tbe  Uiddle  States  lie  says  nothing,  and  of  the  south,  tlial  the  cvldeDCfl 
is  not  satisbctoiy.  This  descent  of  level  he  regards  as  that  which  oanwt 
the  melting  of  the  glacial  ice,  strHtifluatlon  of  tbe  drift,  deposition  a 
gi-avcU,  and  elevation  uf  temperatuie.  All  tliese  changes  would  uatUi* 
tally  precede  the  introduction  of  a  postglacial  Eitana  frjm  a  warmer, 
region,  so  that  for  this  and  other  reasons,  the  Champlnin  epoch  may  bi 
regarded  an  that  ojieninx  the  poat-pliooeiio,  and  its  fauna  to  be  rspn 
sented  by  the  Walrus,  whioh  extended  its  range  to  Virginia,  tlie  RelDdee 
to  Now  Jersey,  and  the  Beluga  of  the  Champlain  clays. 

The  origin  of  tbe  caves  which  so  abound  in  the  limestonos  of  tbe  Alli^ 
gheny  and  Missbuippi  valley  regions,  is  a  subject  of  much  interett.  Tlielr 
gallehoa  measnreroany  thousands  of  miles,  and  their  number  is  lui;itin.  Tlw 
writer  has  examined  twenty-five,  in  more  or  lew  detail,  in  Virginia  and 
Tcniiesseo,  and  cau  odd  his  teatunouy  to  the  belief  that  they  have  been 
formed  by  curroule  of  running  water.    Iboy  generally  extend  in  a  direc- 


1(11 


fUopE. 


Uon  paratlel  to  tbe  strike  of  tlie  atratn,  and  Imvc  their  'gi'^tfst  diameter 
ID  Uio  direi'tion  of  the  tti|>.  Their  depth  ia  deteiinined  in  sotne  measure 
ttf  the  softness  of  the  strattim,  whose  removal  ban  given  thtiAf^isteaoe, 
hnt  In  thinly  stratified  or  8oft  material,  Llio  roofs  or  large  mnaae^of  rock 
full  in,  whioh  interrupt  the  passage  below.  Caves,  liowever,  oitiBt  when 
the  strata  are  boriKoiital.  Their  course  ia  changed  by  joints  or  fauJts, 
into  which  the  excavating  waters  have  found  their  way. 

Thnt  these  caves  were  formed  prior  to  the  postplioceno  fauna  is  eViiM(iC- 
from  the  fapt  thai  they  contain  its  remains.    That  tlicy  were  not  in  '•]&-" .  ■ 
iitencc  prior  to  the  drm  ia  probable,  from  the  fact  that  they  contain  mi.'-' 
remains  of  life  of  any  earlier  period  so  far  as  known,  though  in  only  two' .  ■^■ 
nsM,  to    Virginia  and   Pennsylvania,  have  they   been  enaniined  to   the     ." 
bottom.     No  agency  is  at  hand  to  account  for  tln-ir  excavation,  compai'a- 
hle  iu  potency  and  eEGciency  to  tbe  floods  supposed  to  have  marked  the 
close  of  tlie  glacial  period,  and  which  Pi-of,   Dana  ascribes  to  thy  Cham- 
plsin  epoch.     An  extraordinary  number    of  rapidly  flowing  waters  must 
b*Te  op«>rated  over  a  great  part  of  the  Southern  States,  some  of  ihem  at 
Ml  elevation  of  1.^00  feet  tind  over,  Qterhaps  SOOO)  above  the  prewnt  level 
of  the  sea,     A  cave  in  the  Gap  Mountain,  on  the  Kanawha  river,  which 
I  exploi'od  for  three  miles,  has  at  least  tbat  elevation. 

That  a  territory  expcrieiicinj;  suoh  eouditions  was  suitable  for  the 
«ocaiiatiou  of  mioh  a  fauna,  mh  the  deposits  contained  in  thtse  caves  re- 
veal, is  not  probable.  The  inatei  ial  in  which  the  bones  occur  in  the  soutli 
itan  impure  limestone,  being  mixed  wiib  and  colored  by  the  red  Noil 
Thich  covers  the  sur^ice  of  the  ground.  It  \s  rather  soft,  but  hardens 
on  exposure  to  the  air. 

The  question  then  remains  so  far  unanswered  as  to  whether  a  siibmerg' 
*noe  occurred  subiiequent  to  the  development  of  tbe  postpliocene  inam- 
inaljan  fauna.  That  some  imiH>rtiint  change  took  {tlace  is  rendered  protv 
id)lo  hy  tlie  fWt,  that  nearly  all  thii  neotropical  types  of  tbe  animals  have 
been  banished  from  our  territory,  and  the  greater  part  of  tlio  species  of  all 
types  Lnve  become  extinct.  Two  facts  h.Ave  come  under  my  obtwrraliun 
ivhloii  indicate  a  mibsequent  submergence.  A  series  of  caves  or  portions 
at  a  single  cave  once  existing  on  the  8.  E.  side  of  a  range  of  low  hills 
MDong  the  Allegheny  mountains  in  Wythe  Co.,  Virginia,  was  fouud  to 
have  l)«jn  removed  liy  dpnndation,  fragment*!  of  tlic  bottom  deposit  only 
rgmaiDliie  In  llasiirOH  and  concavities,  separated  by  various  intervals  from 
awh  other.  These  frsigmenta  yielded  the  ivmaina  of  twenty  species  of 
}cene  mammalia.*  Tliis  denudation  can  bo  ascribed  to  local 
following  a  subsidence  of  uurertain  extent.  In  a  cave 
md  in  Tennessee  the  ossiferous  deposit  was  in  part  attached  to 
•f  of  the  chamber.  Identical  fossils  wei-c  taken  from  tbe  Hoor. 
It,  however,  tie  accounted  for  on  loc.ll  grounds.  The  islands  of 
n  part  of  the  West  Indies  appear  to  have  been  separated  by 
ace  of  larger  arean,  at  tlie  close  of  the  period  dnriug  which  they 
t  inhabited  by  postpliucean  raamnialia  aud  shells.    The  caves  of 
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Angiiilla  indil^^^  Yemains  of  twelve  vertebrates,*  of  which  seven  are 

mammalia  ff i^xtinct  species,  and  several  of  them  are  of  large  size.    These 

are  asso^iatec^  with  the  recent  species  of  molluscs  Turbo  pica  and  a 

Tudorcu  n^V  pupaformxB.\    As  these  largo  animals  no  doubt  required  a 

more  ex^^ed  territory  for  their  support  than  that  represented  by  the  small 

islapd  Anguilla,  there  is  every  probability  that  the  separation  of  these 

island^ took  place  at  a  late  period  of  time  and  probably  subsequent  to  the 

^p}^d  of  the  postpliocene  fauna  over  North  America. 
•  •  •, 

EXPLANATION  OF  THE  CUTS. 

Figs.  1-12.  Sections  of  teeth  of  MegaUnyx  of  the  natural  size. 

Fig.  1-2.  Sections  of  canine-molars  of  M,  loxodoJi,  Cope  ;  2a,  profile  of 
2  from  within. 

Figs.  8-C.  Sections  of  canine-molars  of  Megalonyx  wheatleyh  Cope ;  5a 
side  view  of  5  from  the  inner  side. 

Figs.  7-8.  Sections  of  canino-molars  of  ?  Megalonyx  disnimiliSf  Leidy, 
or  of  M,  wheatleyi,  Cope. 

Fig.  9.  Sections  of  crowns  of  the  superior  molars  of  the  right  side  of 
Megalonyx  wheaileyi;  from  separated  teeth,  the  anterior  probably  of  this 
species. 

Fig.  10.  Sections  of  crowns  of  the  infenor  molars  of  the  right  side  of 
M,  wheaileyi,  from  specimens  in  place  in  jaw. 

Fig.  11.  Crown  of  tooth  of  Megalonyx  sphenodon,  Cope;   11a,  same 

from  the  inside. 

Fig.  12.  View  of  canine-molar  of  Megalonyx  toriulus  seen  from  the 
crown  ;  12a,  inner  view  of  same  tooth. 

Fig.  13.  Grinding  surfaces  of  left  inferior  molars  of  Arvicola  speothen. 
Cope,  enlarged. 

Fig  14.  Grinding  surfaces  of  second  and  third  superior  molars  of 
Arcicola  tetradelta^  Cope. 

Fi^.  15.  Same  of  Articola  didelta,  Cope,  enlarged;  a,  b,  c,  of  the  first 
inferior  molar ;  d,  of  the  superior  molars. 

Fig.  16.  First  inferior  molar  grinding  surface  of  Armcola  involuta,  Cope, 
enlarged. 

Fig.  17.  Same  of  Arcicola  sigmodus.  Cope,  enlarged ;  a,  b,  c,  of  first 
inferior  molar ;  d,  of  superior  molars. 

Fig.  18.  Same  of  Arvicola  hiaiidens^  Cope,  enlarged  ;  a  superior  molar 
1  or  2,  incomplete;  b,  3d  superior  molar;  c,  1st  inferior.  The  entering 
folds  should  not  be  in  contact  in  figs,  a  and  by  in  cuts. 

Fig.  19.  Grinding  surface  of  last  superior  molar  of  Erithizon  cloaeinum, 
Cope,  natural  size. 

Fig.  20.  Superior  molar  teeth  (incomplete)  of  Praoilurium  palatinum^ 
Cope,  natural  size. 

•  Loc.  clt.  IMA9. 183;  1870,  TiOS.  A  fonrth  speclcft  of  glRantic  ChinchillUI  has  been  found  bjrBr. 
RlJ|if''n«nin,  which  may  bo  called  Litrt/mylvt  qmnlntna.  Cope.  It  Is  repn»Hente<l  by  |>ortlons  of  Uwf 
anci  teeth  of  t)in>e  Individuals.  It  U  one  of  the  lanieiit  species,  equalling  the  L.  tati'1rit»,  and  has 
several  marked  character)*.  ThUH  the  roota  of  the  molars  are  very  Hhort.  and  the  trltnretlnf 
surface  oullnue  to  the  Rhafl.  The  roots  of  the  second  and  fourth  are  lonser  than  tho!M»  of  the  Unit 
and  third.  The  last  molar  has  four  dental  columns  Insteail  of  thrt>e  as  In  the  other  L^tromyli,  and  if 
trlauRUlnr or <iuii«l rant-shaped  In  sectlcn;  the  third  Is  quadrauKUlar  in  section,  and  has  tliree  colnmni. 
The  MHond  Is  lh«'  smallest,  being  only  .6  the  length  of  the  KUbtrlanKUlnr.  tlrst.  Length  ofdenUl 
series  m.  of^l  or  2..'>  Inches.  Palate  narrow  an«l  ileeply  concave.  Th«-re  Is  but  little  or  no  lateral 
constriction  in  the  outlines  of  the  teeth:  the  shanks  are  entirely  straight.  In  Its  addlUooal 
dentinal  column,  thla  siM»cies  approaches  the  genus  Amhlyrhizn, 

The  large  Chinchillas  of  Anguilla  are  as  fuilows,  Loiomylut  IvnyUUnii,  L.  latulent,  L.  quadraiui 
Amhlyrkizn  inumlata. 

t  See  BUind,  Proceed.  Amcr.  Phil.  8oc.,  I87I,  58. 
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ON  MEQAPTERA  BELLIGOSA. 

By  E.  D.  Copb,  a  M. 

(Bead  Oetcber  21,  1870,  before  tht  American  Phiteiitphieat  Society.) 

For  many  years  American  Wlialers  liave  been  in  tbe  habit  of  taking 

hnmp-back  whales  off  the  coast  of  &an  Bominjro,  and  in  other  parts  of 

Ibe  Cuibhesn  Sea.     Desiring  to   detcnnine   the  species  which  is  tlie 

"   i  of  tbeir  puranit,  and  which,  no  doubt,  haunts  the  Floiidan  and 


FiR.  21.  Fig.  28. 

vther  aoutbern  coasts  of  tbe  United  States,  I  wrote  to  my  fi-iend,  Dr.  A. 
Ooiis,  colonial  physician  at  St.  Bartlioloinew's,  W.  I.,  in  rcforeuce  to  the 
poaaibility  of  procuring  a  skeleton  of  it.  His  efforts,  undertiken  in  pur- 
Munce  of  this  object,  resulted  in  the  preservation  of  tho  skeleton  of  an 
individual  of  thirty-two  feet  in  length,  which  be  forwarded  to  Philadel- 
phia, and  which  has  furnished  the  following  characteristics. 


Cope.] 


104 


[Oot.  21, 


The  skeleton  la^.ks  a  few  pieces,  viz. :  the  sternum,  pelvic  bones,  and 
perhaps  four  caudal  vertebrae.    Of  the  latter,  one  is  a  large  anterior 
vertebra,  two  are  median,  and  one  between  the  latter  and  the  distal. 
The  whole  number  thus  restored  will  be,  Cerv.  7,  D.  14,  L.  10,  Caud.  20  ; 
total  51.    The  lengths  of  the  craniiun  and  these  elements  are  : 

Ft.    In. 

Cranium 9 

Caudal  vertebras 8    10 

Remainder  of  vertebrae 13      6 

Total 81      4 

The  cranium  is  not  very  different  in  some  respects  from  that  of  the 
M,  longimana  of  the  North.  The  supi*aoccipital  bone  has  a  deep  but 
open  median  groove  from  the  foramen  magnum  to  near  the  hori- 
zontal superior  surface,  where  it  is  wanting.  On  each  side  of  it  there 
is  a  considerable  protubemnce  near  the  middle  of  the  height  of  that  bone. 


Fig.  23. 


Fig.  24. 

Tlie  orbital  plates  of  the  frontal  are  plane,  with  sti-aight  anterior  and 
posterior  margins.  The  posterior  extremities  of  tlie  premaxillaries  aiv 
laminar ;  their  middle  portions  are  separated  by  a  considerable  vacuity. 
The  maxillaries  ai-e  not  slender,  and  are  plane ;  they  present  several 
large  foramina  near  their  middle.  The  nasal  bones  present  marked 
characters.  Their  median  face  of  common  contact  extends  throughout 
much  of  their  length,  and  the  posterior  divergent  portion  is  very  shoi*t 
(see  fig.  22),  and  serrate  for  suture.  A  beveled  portion  of  the  external 
face  (fig.  22a)  is  concealed  by  the  maxillaries ;  the  remaining  portion  is 
narrow.  The  median  projection  of  the  bones  is  less  than  the  lateral,  and 
is  carried  on  a  keel  above  the  level  of  the  lateral  portion  of  the  bone,  as 
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id  SHialHiiu  tfetiroilrii.  Cope.  The  wliole  form  is  very  different  from 
tlut  nf  th»  Y.  lenylmitnn.  Tlie  deptli  and  IcDRtli  of  tbe  lioiic  on  tlio 
iiiUriur  (median  I  fuae,  are  about  eriual.  Tbo  otiu  Iiullii  ia  Enlicjrllndrlc, 
lUttlAllAt.tciicd  on  tlie  innor  Bide;  Its  Burfnoe  is  quite  scnootli. 

Tli*  raiuuaof  tlie  mandible  is  slender,  and  when  viewiKi  from  sbove, 
MUiilenihlj  curved.  It  has  an  elevated  ai  lb  triangular  and  acuminate- 
rarouuid  procesH.  quite  an  in  a  Balienoptera.  (Fii;,  34  frumabove.)  Proz- 
tonallfthe  ramuxhna  n  slight  sigmoid  curve  vieweil  from  tlie  side  (fig.  S3>, 
ud  in  the  ^neral  is  more  slender  than  that  of  M.  tongimann,  in  profile. 
TlMiiDgQlar  proeess  is  prominent ;  tlie  shaCI  \a  plane  on  the  inner  side,  on 
tbatxtcrnal  very  coiivei ;  it  ia  uowliere  coiiipresseii,  and  the  exterual 
t«i«i  ore  widclf  ^porated. 


Tb  atlas  has  i 


Fig.  2S. 
a  neural  spine  and  n 


I       o^lil;  above  the  fundus  of  Ibe  for 

nullinental  odontoid  process.  Its  diapopliysis  and  parapopliysis  are  a 
WTiIout,  and  the  former  is  tbo  longer.  The  parapophyscs  diminish 
npidl]'  till  the  fifth  vertebra  presents  only  a  rudiment  on  one  i>ide.  The 
uticnlar  fat'es  of  these  oervicals  are  a  tranKverse  ovate.  The  dlapophyses 
OTileudpr  and  straight.  (See  llga.  30  alias,  27  asiN,  and  38,  third  cer- 
'iail.i 


tuberevlum  atlantit.    The  dia- 
their  inferior  margin  con- 
presents  a 


n  dentaii.    The  a 


rr" 


'  Fig.  37 


Fig.  37  Fig.  28. 

^■0  <)(  iho  (tiapbophf  ses  of  tlie  caudal  vertebne  are  h«;ked  in  form. 
"•fag  t«  tbe  lailare  to  isolate  anteriorly  tbe  foramen  which  piei-cea  tbem. 
TW  napnla  is  tritbout  rudiment  of  coracoii)  and  is  longer  than  deep  ;  its 
rnponions  are  similar  to  those  of  M.  atphyia. 

Tlw  fore  Hubs  are  neither  of  them  quite  complete.  The  epiphysis  of 
DHlniiMinis  ia  still  free,  and  indicates  that  the  auimal  was  younjj  when 
ophmiL  Tbe  bones  of  the  forearm  .ire  much  as  figured  by  Rudolplii 
—TO  I-   XII— N 
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in  the  M.  longimana  ;  the  radius  stout,  expanded  at  the  ends,  the  ulna 
shorter,  more  slender,  curved  and  with  an  olecranon.  The  metacarpi,  or 
the  first  series,  are  quite  elongate,  except  that  of  the  upper  (inner)  digit, 
which  is  stouter.  If  there  were  six  digits  in  the  second  digit  (third),  the 
limb  measured  8  feet  4  inches,  but  if,  as  in  3f.  lonffimana,  there  were 
'eight,  it  equalled  the  cranium  in  length  (9  feet). 

Meaaurements.  ft.    in» 

Total  length  of  skull,  (axial) 9 

Length  of  maxillary  to  emargi  nation  for  frontal  plate 5    5 

*'      transverse,  (to  axis  of  skull)  of  orbital  frontal  plate 2    5 

«*      longitudinal  '*  **  ** 2    2 

Distal  width  over  orbit  "  **  ** 11.5 

Length  nasal  bone 9 

Width        "        •*     15 

Width  cranium  behind  orbits,  (greatest) 5    4 

**      muzzle  half  way  to  frontal  plates 2    8.5 

**      maxillary  J  way  **        ** 10.5 

Length  mandibular  ramus  on  curve 9  10 

First  rib,  length  on  curve 37 

"     »*    distal  width 7 

Humerus  length 1     9 

Radius        **        2    6 

Scapula  height 25.5 

"      width 39.5 

**      glenoid  cavity  length 11.5 

"  "  **     width J) 

The  simple  headed  fii-st  rib  indicates  the  generic  relationships  to  be 
with  Megaptera,  as  does  the  entirely  simple  scapula. 

In  reply  to  my  enquiries.  Dr.  Goes  gives  the  following  account  of  the 
external  <ippearauce  of  this  whale.  The  dorsal  outline  is  strongly  con- 
vex, and  it  is  questionable  whether  a  dorsal  fin  exists,  as  he  had  rot  seen 
it  on  two  specimeus  from  the  decks  of  the  vessels  to  which  they  were  fast- 
ened. The  color  is  sooty  black  above,  the  breast,  belly,  and  under  sides 
of  pectoral  fins  milk  white,  marked  with  scattered  black  spots  or  dots. 

The  condition  of  the  specimen  allows  of  an  exact  comparison  with  the 
species  of  this  genus  ali*eady  known  from  the  Atlantic  Ocean.  The 
skeletons  of  the  two  Pacific  species,  are  unfortunately  unknown,  so  that 
comparison  with  them  cannot  be  made. 

From  M.  lalandii  of  the  Cape  seas,  it  may  be  at  once  distinguished  by 
its  liick  of  acromion  process  on  the  scapula.  Cuvicr,  who  figures  the 
Cape  si)eoieH,*  does  not  indicate  the  deep  occipital  groove,  but  rather  a 
keel  without  lateral  protuberance?,  a  difference  too  marked  to  be  de- 
pendent on  age;  his  orbital  plates  of  the  frontal  are  considerably  narrow- 
er, and  his  fourth  cervical  bears  no  pai*apophyses.  Ho  does  not  figure  such 
a  prominent  coronoid  process.  The  coloration  of  this  species  is  much 
like  that  of  the  West  Indian  whales. 

•OtJicmcns  Fo^isiles,  227-1. 
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Many  marked  differences  separate  it  from  the  Kreporkak,  of  the  north- 
em  Atlantic  and  Arctic  Oceans.  The  elevated  coronoid  process  and  pecu- 
liar nasal  bones  distinguish  it  at  once.  Thus  in  B.  longimana  these  ele- 
ments are  shorter  and  wider,  considerably  separated  behind,  and  with  the 
median  process  which  overhangs  the  nares,  considerably  longer  than 
the  lateral.  The  reverse  is  the  case  hero  (fig.  2).  The  head  bears  a 
greater  proportion  to  the  length  of  the  body  than  in  B.  longimana.  Thus 
Flower  notes  a  sptcimen  in  mus.  Louvain  (Belgium),  of  32  feet  2  in.  in 
length,  of  which  the  head  measures  only  8  ft.  6  in.  In  the  present  of 
31.6  in.,  the  cranium  is  9  ft.  In  a  specimen  at  Brussels  of  46  ft.,  the  head 
is  12  ft.,  nearly  one  fourth.  In  a  young  specimen  of  28  ft.  7  in.,  at  Ley- 
den,  Flower  says  the  cranium  measures  only  7  ft.  7  in.  In  a  specimen 
from  the  Dee,  England,  the  proportions  ai*e  similiar.  As  the  length  of 
the  flippers  is  similar  to  that  of  the  head,  the  difference  is  to  be  seen  in 
this  also.  Other  characters  which  distinguish  the  species  from  B. 
longimana,  are  the  less  concavity  of  the  orbital  plates  of  the  frontal  an- 
teriorly, and  the  reduction  of  the  lumbosacrals  to  10.  If  Rudolph's 
figures  be  correct,  the  first  rib  is  broader  in  the  present  animal,  but  the 
figure  may  be  inaccurate.  As  to  color,  the  pectoral  fin  is  entirely  white 
in  the  Arctic  Megaptera;  black  externally  in  this  one. 

The  same  differences  are  to  bo  observed  in  comparing  with  the  M, 
^hyia,  in  which  the  head  and  fin  are  even  shorter  than  in  Jf.  longimana, 
(the  proportion  being  9.40»j  and  the  coronoid  process  equally  rudiment- 
^.  Special  features  of  the  latter  are  seen  in  the  fiat,  deep  diapophyses 
of  atlas,  which  are  much  deeper  than  in  the  present  whale  ;  and  the  artic- 
^  area  on  the  hinder  angle  of  the  first  and  other  ribs,  which  is  wanting 
^fe.  The  width  of  the  orbital  plates  distally  is,  .5  their  length  in  the 
^peof  M.  osphyia,  .83  the  length  in  the  present  specimen. 

The  species  described  by  Gray  (Catal.  B.  Mus.,  1868,  162,)  as  Pltysalus 

^^uiliensis,  founded  on  some   baleen  of  the  "Bahia  finner,'*  has  been 

•opposed  by  me  (Proc.  A.  M.  Scie.  Phila.,  1867,  p.  32,)  to  be  a  Megaptera. 

Certain  it  is  that  a  Megaptera  is  found  at  Bahia,  as  I  have  seen  larger 

*nd  smaller  portions  of  two  skeletons  of  one,  but   whether  it  be  the 

''Bahia  Finner"  and  P.  hrasilienm.  Gray,  is  quite  doubtful.     In  the 

first  place,  fishermen  and  whalers  never  call  a  **  hump-back"  (Megaptera) 

»  "finner ;"    if  they  have  done  so  in  the  case  of  this  species,  it  evidently 

has  a  noticeable  dorsal  fin,  which  is  wanting   in  the  present  whale.     In 

the  next  place,  baleen  of  the  **  Bahia  finner"  has  a  commercial  value, 

heing  exported  to  England,  while  that  of  Megaptera  has  none,  being 

coarse  and  twisted.     That  of  the  specimen  here  described  was  thrown 

away  by  it  captors. 

I  therefore  believe  that  the  present  wbale  has  not  been  noticed  by  nat^ 
oralists,  and  is  unknown  to  Zoology.     I  propose  to  call  it  Megaptera 

BELLICOSA. 

Dr.  Goes  says  of  its  habits,  that  it  appears  about  the  island  of  St.  Bar- 
tholomew in  the  beginning  of  March,  or  even  in  February,  and  remains 

Proc,  Ac.  Nat.  Sci.,  186S-194. 
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until  the  end  of  May.  In  April  and  May  it  is  said  that  they  are  seen  in 
pairs,  standing  vertically  in  the  water.  When  they  return,  they  often 
come  in  a  family  of  three,  male,  female  and  young,  the  calf  of  one  or  two 
years  old.  The  bull  is  wild,  and  more  difficult  to  take  than  the  female, 
and  he  has,  on  two  occasions,  smashed  the  boat  of  his  pui*suers  to  pieces. 
In  June  they  are  said  to  go  farther  in  the  Mexican  Gulf,  and  return  east- 
wai*d  in  the  autumn,  but  they  do  not  appear  among  the  smaller  Antilles 
at  that  time.*  Dr.  Goes  supposes  that  they  pass  the  straits  of  Florida,  or 
follow  the  shores  of  the  South  Main.  He  says  that  the  whalers  think  they 
pass  the  middle  of  wihter  on  the  African  coast,  but  this  will  require 
coniii*mation. 

Additional  note  on  Balaenoptera  vel  Sibbaldius  sulfureus.  Cope. 

This  species  was  first  brought  to  the  notice  of  zoologists  by  Captain  C. 
M.  Scammon,  in  an  extended  paper  on  the  Cetacea  of  the  Pacific  Coast 
of  North  America.*  From  the  data  furnished  by  him,  the  writer  was 
enabled  to  determine  it  as  distinct  from  any  of  the  species  hitherto  known, 
under  the  above  name,  with  the  following  characters  :f 

Dorsal  fin  small,  conic,  situated  on  the  posterior  fourth  of  the  back. 
Fonn  slender ;  length  seventy  to  ninety  feet.  Color,  above,  grey  or 
brown  ;  below,  sulphur  yellow. 

Capt.  Scammon  having  sent  to  the  museum  of  the  Smithsonian  Insti- 
tution four  laminse  of  whalebone,  I  am  enabled  to  add  important  points 
to  the  above  diagnosis,  as  follows  : 

Baleen  black  everywhere.  Bristles  intermediate  in  size,  between  those 
of  Sibbaldius  tectirostris.  Cope,  (finer)  and  Megaptera  osphyia  (coarser), 
in  six  or  eight  rows,  and  seven  or  eight  inches  in  length.  Length  of 
plate,  without  bristles,  two  ft.  eight  inches ;  width  of  base  eighteen 
inches.     LaminsB  with  weak  transverse  i*ugosities. 

The  above  characters  show  conclusively  that  this  whale  is  different 
from  the  B.  antarcticay  Gray,  which  is  also  called  sulplmi-bottom  by  the 
whalers  in  the  South  Pacific.  The  whalebone  of  the  latter  is  yellowish 
white. 

EXPLANATION  OF  CUTS. 

Fig.  21— Cranium  of  Megaptera  bellicosa  from  above. 
Fig.  22 — Nasal*  bones  from  above. 

Fig.  23 — Posterior  portion  of  ramus  mandibuli,  from  outside. 
Fig.  24 — Same  as  28  from  above. 
Fig.  25 — Basihyal  bone  from  above. 
Fig.  20— AtLos  from  front. 

Figs.  27  and  27 — Portions  of  articular  faces  and  processes  of  atlas  and 
third  cervical  vertebra). 

•Proceed.  Aca«l.  Nat.  Scl.,  Phlla..  \f>C'),  p.  51. 
t  Loc.  clt.,  p.  20. 
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Stated  Meeting,  April  7th,  1871. 


Mr.  Fraley,  Vice-President,  in  the  Chair. 


Present,  twelve  members. 


Donations  to  the  Library  were  received  from  the  Academies 
at  Berlin  and  Leyden,  the  Royal  Society  at  London,  and  the 
Editors  of  Nature,  the  Old  and  New,  and  Penn  Monthly,  the 
New  Bedford  Public  Library,  Medical  Journal,  Franklin  In- 
stitute, College  of  Pharmacy,  Academy  of  Natural  Science  at 
Philadelphia,  the  Engineer  Bureau  at  Washington,  Essex  In- 
stitute, Wisconsin  Historical  Society,  and  from  Prof.  Mayer, 
of  Bethlehem. 

Prof.  Cresson  laid  before  the  Society  a  map  of  Fairmount 
Park,  reduced  by  photolithography  to  a  very  small  size,  yet  ex- 
hibiting every  line  clearly. 

Prof.  Cope  described  additional  new  genera  and  species 
from  the  Port  Kennedy  Cavern,  nearlyonehalf  of  which  were 
of  South  American  types. 

Mr.  Chase  read  a  communication  on  "  The  Resemblance  of 
Atmospheric,  Magnetic  and  Oceanic  Currents." 

Lieut.  Button  explained  his  views  of  the  origin  of  Regional 
Subsidence  and  Elevation. 

The  curators  were  requested  to  provide  for  the  proper 
preservation  of  the  Photographs  of  Lines  of  Magnetic  Force, 
presented  to  the  Society  by  Prof.  Mayer, 

Pending  nominations  were  read  and  the  meeting  was  ad- 
journed. 


no 


Stated  Meeting,  April  2lst,  1871. 

Prof.  Gresson,  Vice-President,  in  the  Chair. 
Present,  eleven  members. 

A  Photograph  for  tlie  Album  was  received  from  Prof.  Alex- 
ander Braun,  of  Berlin. 

Letters  acknowledging  the  receipt  of  the  Society's  recent  pub- 
lications were  received  from  the  Institute  at  Halifax,  (entire 
series  of  Proceedings  No.  1-84),  New  York  Lyceum  (85); 
Royal  Society  of  Edinburgh,  78,  7981,  and  Trans.  (XIII.  3); 
and  the  Royal  Saxon  Society  (XIII.  3). 

Letters  of  Envoy  were  received  from  the  Society  at  Gor- 
litz,  and  the  Editors  of  Old  and  New. 

Donations  for  the  library  were  received  from  Dr.  Braun, 
of  Berlin,  the  Upper  Lausatian  Society,  the  Anthropological 
Society  and  Geological  Institute  at  Vienna,  the  Italian  Geo- 
logical Committee,  M.  Seguin  aine  of  Paris,  the  Linnean, 
Chemical,  Asiatic  and  Antiquarian  Societies  in  London,  the 
Editors  of  Nature,  the  Royal  Society  at  Edinburgh,  the  Phil- 
osophical Society  at  Glasgow,  the  Institute  of  Sciences  at  Hali- 
fax, the  Pcabody  Academy  at  Salem,  Sillinjan's  Journal,  Prof. 
Ilall  of  Albany,  the  Young  Men's  Association  at  Buffalo,  Mr. 
H.  C.  Bolton  of  New  York,  the  New  Jersey  State  Geologist, 
the  New  Jersey  Historical  Society,  the  Franklin  Institute, 
and  the  chief  of  the  U.  S.  corps  of  Topographical  Engineei's. 

The  death  of  Wm.  Haidinger  of  Vienna,  on  the  19th  ultimo, 
was  announced  with  appropriate  remarks  by  Dr.  Genth. 

The  death  of  Edward  Lart6t,  in  the  department  of  Gers, 
during  the  late  German  investment  of  Paris,  was  announced 
by  the  Secretary.  Mr.  Cope  added  his  personal  testimony  to 
the  value  of  the  Pala3ontological  labors  of  the  deceased. 

Prof  Cope  offered  for  publication  in  the  Proceedings,  a  Pre- 
liminary Report  on  the  Vertebrata  discove  red  in  the  Port  Ken- 
nedy Cave. 


HI 

Dr.  Geath  described  some  striking  results  of  recent  analysis 
of  Pseudomorph  Corundums,  and  promised  a  fuller  account 
of  them  when  his  investigations  were  further  advanced. 

Prof.  Crcsson  desired  a  memorandum  to  bo  made  of  the 
appearance  of  the  tender  shoots  of  the  swamp  cabbage,  blue 
bell  and  other  wild  flowers,  under  remarkable  circumstances 
of  difficulty,  in  a  part  of  Belmont  Glen,  in  the  Philadelphia 
Park,  where  an  artificial  asphalt  road  had  been  laid  directly 
open  the  sod.  The  road  was  two  inches  thick,  perfectly  solid, 
and  in  use  by  vehicles.  Yet  this  rigid  and  heavy  covering 
has  been  lifted  and  broken  in  many  places  by  the  young  plants, 
which  present  themselves  in  a  living,  although  damaged  con- 
dition to  the -air  and  light. 

The  Secretary  described  a  new  discovery  which  he  had  just 
made  in  East  Tennessee,  of  a  sharp  anticlinal  axis,  crossing 
the  coal  measures  of  the  Cumberland  mountains,  at  right  an- 
gles to  the  dominant  system  of  disturbances,  and  showed  its 
important  bearings  on  the  question  of  the  conversion  of  the 
northern  anticlinals  into  the  southern  downthrows,  as  well  as 
its  relationship  to  the  latter;  and  to  the  cross  undulations 
worked  out  by  Mr.  Joseph  Lesley,  in  his  instrumental  survey 
of  the  East  Kentucky  coal  measures,  twelve  or  thirteen  years 
ago;  and  also  to  the  N.  W.,  S.  E.  system  of  faults  described  by 
Owen,  Hall  and  other  Geologists,  in  the  valley  of  the  Missis- 
sippi. 

Mr.  Briggs  described  certain  movements  observed  under  the 
microscope  in  matter  mechanically  suspended  in  a  fluid  and 
vulgarly  supposed  to  indicate  vital  force,  a  view  from  which  he 
dissented,  referring  to  Baron  Rumford's  recorded  observations 
of  the  same  phenomenon.  Mr.  Briggs  took  occasion  to  ex- 
hibit for  the  inspection  of  the  members,  the  Watt  medal 
which  he  had  received  from  the  Society  of  Civil  Engineers  in 
London. 

Pending  Nominations  Nos.  669  to  674  were  read,  and 
balloted  for,  after  which  the  presiding  Officer  pronounced  the 
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following  named  gentlemen  duly  elected  members  of  the 
Society : 

Gen.  Herman  Haupt,  of  Philadelphia. 

Prof.  E.  B.  Andrews,  of  Marietta,  Ohio. 

Rev.  F.  A.  P.  Barnard,  D.  D.,  LL.  D.,  President  of  Columbia 
College,  N.Y. 

Eev.  T.  D.  Woolsey,  D.  D.,  President  of  Yale  College,  New 
Haven,  Connecticut. 

Rev.  James  McCosh,  D.  D.,  President  of  Princeton  College, 
New  Jersey. 

Prof.  Charles  W.  Eliot,  President  of  Harvard  College, 
Cambridge,  Massachusetts. 

And  the  Society  was  adjourned. 


Stated  Meeting^  May  5, 1871. 

Prop.  Cresson,  Vice-President,  in  the  Chair. 
Present,  fourteen  members. 

A  letter  accepting  membership  was  received  from  Charles 
W.  Eliot,  dated  Cambridge,  May  1,  1871. 

A  letter  acknowledging  receipt  of  Trans.  A.  P.  S.  XIV.  I. 
was  received  from  the  Secretary  of  the  Smithsonian  Institution. 

Donations  for  the  Library  were  received  from  the  R.  Prus- 
sian Academy,  R.  Astronomical  Society,  Sir  Charles  Lyell, 
Editors  of  Nature,  Old  and  New,  Penn  Monthly  and  Canadian 
Naturalist,  the  Peabody  Academy  at  Salem,  Boston  Natural 
History  Society,  Massachussetts  Historical  Society,  New 
York  Lyceum,  College  of  Pharmacy,  Baltimore  Public 
School  Commissioners,  Hon.  Charles  Sumner,  Dr.  Hayden,  P. 
B.  Dyke,  and  a  Map  of  St.  Domingo  from  Dr.  Genth. 
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The  Secretary  read  the  description  of  a  new  and  improved 
field  transit  instrument,  manufactured  by  Messrs.  Heller  and 
Brightley  of  Philadelphia ;  and  exhibited  the  parts  of  the 
instrument  which  show  improvements. 

The  Secretary  read  from  Mr.  Jno.  Fulton's  report  of  the 
Mammoth  Fossil  Ore  bed  discovered  in  1867,  in  Woodcock 
Valley,  Blair  Co.,  Pa.,  in  evidence  of  what  important  dis- 
coveries may  still  be  made  in  districts  of  the  State  supposed 
to  be  well  known. 

The  Secretary  offered  for  publication  in  the  Proceedings,  a 
Grammar  and  Vocabulary  of  the  Mexican  language,  by  Mr. 
Adolf  Burck,  which  was  referred  to  Dr.  Brinton. 

Mr.  Chase  exhibited  two  corresponding  Curves ;  one  of  the 
Annual  auroral  curve  at  New  Haven ;  the  other  of  the  annual 
rain  curve  at  Philadelphia ;  and  described  the  probable  cause 
of  their  agreement. 

And  the  Meeting  was  adjourned. 


Stated  Meeting^  June  16,  1871. 


Prdf.  C.  B.  Trego,  in  the  Chair. 
Present,  five  members. 

A  photograph  of  Mr.  Joseph  Saxon  was  presented  by  him 
self,  for  insertion  in  the  Album. 

A  letter  of  envoy  was  received  from   the  U.  S.  Naval  Ob 
servatory. 

Donations  for  the  library  were  received   from  the  Berlin 

Academy,  London  Astronomical  Society,  Editors  of  Nature, 

Geological  Survey  of  Canada,  Essex  Institute,  Boston  Public 

Library,  Massachusetts  Historical  Society,  Editors  of  Old  and 
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New,  Cambridge  Museum  of  Comparative  Zoology,  Mr.  Ed- 
mund Quincy,  Silliman's  Journal,  New  York  State  Library, 
American  Literary  Bureau,  Franklin  Institute,  Medical  News, 
College  of  Pharmacy,  Board  of  Water  Works,  Fairmount  Park 
Commission,  Penn  Monthly,  C.  M.  Wheatley  of  Phoenixville, 
Pennsylvania  Board  of  Public  Charities,  Smithsonian  Insti- 
tute, U.  S.  N.  Observatory,  and  Georgia  Historical  Society. 

The  Committee  to  whom  was  referred  the  Aztec  grammar 
and  vocabulary  of  Mr.  Burck,  reported  against  its  publication, 
and  the  Committee  was  discharged  from  further  consideration 
of  the  subject. 

Mr.  H.  W. Field,  a  member  of  the  Society,  was  appointed  to 
prepare  an  obituary  notice  of  the  late  Sir  John  F.  W.  Hershel. 

Mr.  Lesley  communicated  to  the  members  present,  certain 
geological  facts  respecting  the  percentage  of  volatile  matter  in 
the  six-foot  coal  bed  near  Ursina,  Somerset  County,  Pennsyl- 
vania, and  the  percentage  of  titanic  acid  in  the  iron  ores  near 
Greensboro,  North  Carolina,  with  a  view  to  placing  them  on 
record. 

Mr.  Chase  communicated  a  note  upon  the  English  wind-ta- 
bles, and  a  note  upon  the  nature  of  the  Tidal  Wave. 

Mr.  Cope  announced  that  800  species  of  fish  had  been  re- 
ceived by  him  from  Vienna,  in  good  condition,  being  that  part 
of  Prof.  HyrtrsOsteological  Collection  which  Prof.  Cope  had 
secured,  against  the  competition  of  the  British  Museum,  and 
other  European  Cabinets  desirous  of  possessing  it,  and  de- 
scribed the  admirable  character  of  the  preparations. 

Pending  nominations,  Nos.  677  and  678  were  read. 

An  extract  was  read  from  a  letter  of  M.  Carlier  to  M. 
Durand,  respecting  the  Michaux  rentes. 

On  motion  of  Mr.  Cope,  an  appropriation  was  made  of  an 
additional  sum  of  J?35,  to  cover  the  total  expense  for  the  illus- 
trations of  his  paper  on  Megaptera  Bellicosa,  published  in  the 
proceedings,  and  his  paper  on  the  Fishes  of  the  Lesser  Antilles, 
published  in  the  transactions. 

And  the  meeting  was  adjourned. 
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Heller  and  Briohtley's  New  Transit. 

The  Engineers  and  Surveyors'  Transit  as  at  first  constructed  commonly 
termed  a  **flat  centi-e,"  or  "Railroad  Transit,"  although  superior  to  the 
English  Theodolite  which  it  superseded,  yet  in  practice  lias  been  found 
defective  in  the  following  mechanical  details. 

Ist.  The  upper  or  vernier  plate,  resting  and  turning  upon  the  under  or 
graduated  limb,  was  accompanied  by  so  much  friction,  caused  by  the 
large  extent  of  the  rubbing  surfaces,  that  in  turning  the  vernier  plate 
around  the  limb,  the  whole  instrument  would  sometimes  be  moved  upon 
the  lower  spindle. 

2d.  The  oil  that  was  necessarily  used  to  lubricate  the  plates,  would  be- 
come so  congealed  in  cold  weather  that  the  plates  would  not  move  at  all, 
and  old  liailroad  Engineers  will  readily  recall  the  thawing  out  of  their  in- 
struments over  large  fires,  at  every  fall  of  the  thermometer,  before  they 
conld  be  used. 

3d.  The  spindle  upon  which  the  entire  instrument  turns,  being  detached 
from  the  instrument,  thus  violating  one  of  the  standard  rules,  that  by  long 
experience  in  this  country  and  Europe,  has  been  found  necessai*y  in  the  con- 
struction of  any  instrument  with  any  pretensions  to  accuracy,  viz.  :  **any 
in$trumsnt  hating  a  graduated  plaU  and  levels  should  be  so  constructed 
that  both  of  the  centres  upon  which  t/ie  instrument  turns  should  be  alicays 
catered  and  not  detachable  from  the  main  plates,''^  To  prove  the  utility  of 
this  rule,  it  is  only  necessary  aft«r  adjusting  the  levels  of  one  of  this  class 
of  Transits  so  that  they  will  revei*se  on  the  top  centre,  to  clamp  the  two 
plates  together,  and  turn  the  instrument  on  the  lower  spindle,  and  the 
levels  will  invariably  be  found  out  of  adjustment,  showing  conclusively 
that  through  some  cause,  most  frequently  the  settling  of  flying  dust,  etc., 
upon  the  surface  and  shoulder  of  the  spindle,  the  spindle  is  not  at  right 
angles  to  the  surfaces  of  the  plates. 

4th.  The  centre  around  which  the  graduated  limb  revolves  can  only  be 
the  thickness  of  the  graduated  limb ;  this  centre  by  reason  of  its  small 
surface  wears  after  comparatively  short  use,  and  does  not  exactly  fit  the 
conical  hole  in  the  graduated  limb,  and  two  readings  of  the  same  object 
taken  without  any  change  in  the  position  of  the  instrument  have  been  found 
to  differ  by  5',  and  from  no  other  cause  than  this. 

These  various  defects  have  caused  this  style  of  instrument  to  be  entirely 
discarded  in  city  work,  and  for  this  another  construction  is  used  in  which 
the  two  main  plates  do  not  touch  each  other,  thus  obviating  the  two  first 
evils,  viz. :  the  friction  of  the  two  plates  rubbing  one  over  the  other, 
and  the  stiffness  of  motion  of  the  plates  in  cold  weather.  The  sockets 
and  spindles  upon  which  the  main  plates  revolve  being  long  and  fitting 
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one  insiilo  of  the  other,  iind  neither  of  them  being  expoaeil  or  datoched 
from  iLo  inHtrunient,  thua  remedying  the  two  iasC  oaiues  of  error.  These 
two  are  the  only  stylea  of  Transit  made,  and  are  respectively  tertnod  tha 
"short  centre  Transit"  and  tlie  "long  centre  Traneit."  The  "long 
centre,"  although  the  most  perfect  in  ita  construction,  has  never  been  a 
favorite  among  Railroad  Engineers  for  the  following  reasons  : 

1st.  The  incroa,sed  si^ie  of  Oio  centres  making  it  heavier,  and  this  being 
a  very  serious  objection  where  an  instrument  uiust  be  carried  Beveral 
miles  every  day  as  is  frequent  in  Railroad  surveys, 

Sd.  The  Instrument  not  being  detached  from  tbe  tripod,  except  at  tb« 
base,  c«mpelled  Die  Engineer  in  moviDgtlieinstrumentfrom  one  station  to 
anotbei' to  eitber  carry  tbe  entire  instrument  biroselfor  trust  it  to  bisMM 
ant,  while  in  tbe  short  centre,  the  instrument  lifting  olT  the  spiudle,  tli« 
Engineer  could  lake  tlie  compariHvely  light  instrument  with  all  the  im- 
portant parts,  and  leave  h!a  assistant  to  oarrj  the  heavier  portion  of  the 
tripod  with  its  leveling  screive,  legs,  etc. 

3d.  The  removing  and  replacing  of  tbe  instrument  on  tlie  tripud  beins 
accomplished  by  means  of  a  large  scraw  thread,  is  a  very  tedious  and  u 
safe  method,  and  if  not  very  carefully  performed  is  liable  bo  iiOure  tba 
instrument. 

4th.  The  extra  skill,  time,  and  care  required  in  making  the  long  contra 
was  so  mucli  greater  than  the  flat  centre,  that  the  price  of  the  instrument 
was  materially  increased. 

Ever  since  the  iatroductioa  of  the  Transit  numorons  endeavors  huva 
been  made  to  reduce  the  weight  of  the  instrument,  but  as  thoy  have  all 
been  conducted  on  the  same  principle,  i.  «,,  reducing  the  thickness  of  Uift 
various  plates,  etc.,  their  only  elFoct  was  to  make  the  instrumoiit  so  slight 
&s  to  be  unsteady,  their  bearing  surface  so  short  as  to  soon  wear  looM, 
and  the  instrument  always  losing  its  adjustment.  Tbe  manurocturera  of 
this  instrument  have  had  their  attentiou  drawn  to  the  increased  strenglb 
and  steadiness  that  tbe  employment  of  the  "transverse  seotiou,''  "rib- 
bing or  bracing,"  imparted  to  metals ;  and  tbe  amount  of  metal  that 
could  be  removed  from  a  solid  plate  at  metal,  and  its  strength  and  ileadt-  * 
ness  not  impaired,  but  even  added  to,  if  only  judicious  ribbing  was 
sorteil  to.  In  this  improved  Transit,  wliioh  is  a  long  centre,  the  weight 
as  compared  with  an  ordinary  Transit  of  the  same  size  is  reduced  ono-balf, 
and  the  instrument  is  not  contracted  in  any  part,  but  in  some  parts  wherfl 
increased  sise  would  be  an  advantage,  such  as  tlie  graduated  plate,  contr*, 
etc.,  it  has  been  done,  but  all  tlie  plates,  etc.,  are  ribbed  in  suuli  a  way  u 
to  be  etroiigor  tlian  a  noliil  plate,  and  all  metal  that  did  uut  impart 
either  strength  or  steadiness  has  been  removed- 

The  Railroad  Eiigiiiovr  has  In  this  instrument  a  long  oi>ntre  Transit 
that  can  lie  tiken  from  olT  the  tripod  and  replaced  in  a  quicker  nnil  titnr 
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■wnj  ItiAH  tlie  short  centre  TniDsit,  but  iiDlikc'tlie  short  centre,  keeps  nil 
Uie  c«ntr«B  covered  and  not  reninvtthle  from  tbe  iuBtruiiient,  and  leaves 
t;be  tripod  head  and  legs  witli  the  four  leTelling  ncrews,  etc.,  to  ho  carried 
"bj  hiB  Msistaut.  Tlte  difference  iu  woi^lit  nitl  be  aiipivdatcd  bjr  the 
Itailrond  Engineer  when  tve  inrurm  him  lliat  a  plain  Transit  vith  all  Ita 
to.,  only  weighs  ftboiit  as  much  as  a  Surveyor's  Sight  Compass, 
ute  steady  and  ke^ps  in  adjuHtnuent  better  Uian  the  ordinary  long 
uuit,  weighing  fi'oni  i'l  to  30  jtounds. 
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ment  all  the  advantages  of  the 
>nly  half  the  weight,  and  an  in- 
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.  Tbe  "tangent  or  slow  motion  screw"  that  moves  the  upfier  or 
kler  plate,  liy  use  becomes  worn  and  does  not  lit  precisely  Ihe  tlirend 
!  interior  of  the  nut  thrtiiigh  whicli  it  passes,  Wliea  this  occurs  the 
|ent  screw  can  be  turned  sometimes  a  complete  revolution  without 
big  tbe  vernier  plat«.  This  " lost  motion "  or  "back  laah"  of  tbe 
Hit  IB  one  of  the  worst  acnoyauces  of  Kngincers,  aud  has  been  the 
1US  errors  in  the  field.  Several  methods  have  been  devised 
Veroome  this  whicli  we  will  here  descrilie.  The  nut  through  wliicb 
tr  works  has  been  made  in  two  sections  to  allow  of  heing  dJ'awn 
the  screw  wears.  This  plan  would  iinawer  if  tlie  screw  always 
|l  eqnatljr  in  every  portion  of  its  lengtli,  in  other  words  was  a  cylinder, 
'er  does,  and  if  Ihe  nut  in  tightened  so  that  tlie  lost  motion 
moTtid  from  the  thinner  (lortiou  of  tbe  screw,  it  will  move  so  lightly 
a  be  useless  when  it  comes  to  the  poitions  that  are  not  woi-n  so  thin. 
Tbare  are  several  methods  of  drawing  the  nut  together,  but  they  have 
til  the  same  oltiections  as  tlie  altove,  that  is,  they  nvts  not  ell'ective  in  the 
entire  Icnglli,  and  tlie  nut  inuist  be  pi'essed  so  very  liard  on  the  screw  as 
to  make  the  working  of  the  tangent  very  tense,  esi)ei:ially  in  cold  weather. 
Another,  and  the  last  method  has  been  to  apply  a  lung  spiral  spring  be- 
tween tbe  nut  and  the  head  of  the  sccew  that  acts  as  the  Unger  piece, 
that  prcsiiing  the  nut  and  tlie  screw  from  each  other,  and  consequently 
removing  all  ''lost  motion"  from  the  screw.  This  plan  though  in 
theory  very  good,  iu  pravtioe  has  been  found  inoperative,  for  the 
following  ToOKon :  tlie  itpiml  spring  had  of  necessity  to  be  made  long 
enough,  and  slilT  enough,  to  act  in  every  portion  of  the  screw's  length, 
Uie  alternate  opening  and  closing  of  tb«  spring  by  use  weakened  it,  and 
Id  B  short  lime  it  failed  to  remove  the  "  hack  play."  To  get  rid  of  this 
defect  of  "lost  motion"  in  thi*  tangent  screw,  opposiugor  butting  screws 
liBve  twen  sonietinies  ttubsUtuled,  but  in  use  they  do  not  give  satisfaction, 
u  two  bunds  must  be  uraployod  iu  usiug  tliem,  and  standing  from  the 
(4)[e  of  the  plate,  they  arc  liable  to  be  injured  by  blows,  and  they  are 
1^  nnless  very  carefully  used,  to  throw  the  instrument  out  of  level. 
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In  this  instrument  we  have  an  improved  tanc^nt  screw  ;  that  no  matter 
how  much  the  screw  may  wtar  by  use,  or  time,  will  never  get  **  lost  mo- 
tion," but  will  instantly  obey  the  slightest  touch  of  the  hand  :  this  is 
effected  by  means  of  a  long  cylinder  nut,  from  the  interior  of  which  two- 
thirds  of  the  screw  have  been  removed  ;  into  half  the  recess  thus  left  in 
the  nut,  is  nicely  fitted  a  cylindrical  '*  follower,"  with  the  same  length  of 
screw  thread  as  the  nut ;  this  follower  is  fitted  with  a  **key,"  that  pre- 
vents it  turning  in  the  recess,  but  allows  motion  in  the  direction  of  its 
length.  A  strong  spiral  spring  is  placed  in  the  remaining  half  of  the 
recess,  between  the  fixed  nut  and  the  movable  follower,  and  the  spring 
has  always  tension  enough  to  force  the  follower  and  fixed  thread  in  con- 
trary directions,  and  thus  to  remove  any  **lost  motion  "  that  may  occur 
in  the  screw.  It  will  be  observed,  that  in  this  method  the  spring  always 
remains  in  a  state  of  rest,  instead  of  cKising  and  opening,  as  has  been 
the  case  in  all  other  applications  of  springs,  and  which  have  been  the 
cause  of  their  failure.  Tangent  screws  that  have  had  as  much  as  10' 
play,  have  been  made  to  work  entirely  taut  by  this  method. 

The  mode  of  attaching  the  tangent  screw  to  the  plates  in  this  instru- 
ment is  entirely  new — it  is  a  miniature  modification  of  the  **  Gimbelling" 
of  a  ship's  compass,  and  allows  the  tangent  screw,  by  its  free  swivel- 
ling, to  be  tangent  to  the  plates  in  every  part  of  its  length,  and  thus 
never  to  bind.  This  tangent  screw  is  also  of  value  for  sextants,  astro- 
nomical instruments,  &c.,whero  lost  motion  is  detrimental,  and  a  smooth, 
easy  motion  is  i-equired. 

In  all  instruments,  the  brass  cheeks  in  which  the  three  legs  of  the 
triiMxi  play,  are  fastened  to  the  lower  parallel  plate  by  a  number  of  small 
screws,  commonly  twelve.  When  the  legs  wear  in  the  cheeks,  and  be- 
come unsteady,  the  only  method  the  Engineer  has  of  tightening  the  legs, 
is  by  drawing  the  cheeks,  in  which  the  log  moves,  by  means  of  the  bolt 
that  passes  through  the  leg  ;  this,  of  necessity,  draws  the  cheeks  out  of 
I>erpei)dicularity,  and  strains  the  small  screws  that  bind  the  cheeks  to 
the  parallel  plate  so  much,  as  frequently  to  loosen  them.  This  source  of 
instrumental  error  hardly,  if  ever,  occurs  to  the  Engineer,  but  very  good 
instruments  have  been  condemned  as  unsteady,  when  an  examination  has 
shown  the  fault  to  be  the  above.  This  source  of  error  can  never  occur  in 
this  instrument,  as  the  cheeks  and  the  parallel  plate  are  made  in  one 
solid  piece. 

But  to  come  to  the  last  and  most  serious  evil.  The  effective  power  of 
the  Telescope  is  impaired  by  spherical  aberration  ;  that  is,  the  field  of 
view,  as  seen  in  the  Telescope,  is  not  a  perfect  plane  or  flat,  but  is 
spherical.  To  prove  this,  take  an  ordinary  telescope,  and  focus  it  so  that 
an  object  will  be  clearly  defined  at  the  intersection  of  the  cross  hairs 
or  the  centre  of  the  field  of  view,  then,  by  means  of  the  tangent  screw, 
bring  the  same  object  to  the  edge  of  the  field  of  view  and  it  will  be  found  in 
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trer^oue  to  b«  indistinct  ftodnot  in  Tocos ;  on  the  contmry,  focus  it  Boas  to 
Iwdistlnot  at  thocdgo.  audit  wlllbeindistinctwliciiliitiuglitlo  tliu  coiitro. 
In  laniu  telescopes,  lionever,  il  is  InipossiUlu  to  focus  at  tbe  uutei'  edga 
of  liio  Gvld,  and  cbjeuts  will  be  tiuged  with  priiiitiitic  colore,  ulioniDg 
llut  tlicee  glnssea  arc  affected  by  cbroiuntic  aberratiou  al»o;  Bumutimeii 
tbaokiiM  of  tills  defect  lies  in  tbe  olyt-'Ct  glaas,  but  In  Lbe  minority  of 
WWII,  the  U'uscs  oompoaiug  tbe  eye-piece  are  in  fault. 

TheM  abcrniUons  affect  tbe  working  of  the  tcleaoopa  in  several  ways, 
nnt,  it  pmctically  dnninisbes  tbe  size  of  tbe  object  ^lass,  nnd  the  Tietr 
a  DETcr  «u  clear  and  distinct  !is  it  ought  to  be.  Second,  It  is  very  diifi- 
coll,  and  iti  some  cAses  ulmost  impossible,  to  ndjust  tlie  eye-pieca  to 
pnvent  {nrallax,  or  "travelling"  of  tbe  cross  wii-cti,  wbeu  tbe  eye  is 
•liifted  fruni  side  to  side  ;  and  pmcticaJ  eugineers  kuow  what  a  sbitrper 
power  of  delfiiiug,  and  bow  muub  lass  tryiuK  to  tbe  eyes  a  "soft  gLtss" 
bas— ttint  is,  oue  that  bns  a  "  flat  field." 

This  defect  has  v>%'ci>tcd  llie  gcnentl  use  of  tbe  Stadia,  or  Micrometer 
irim,  as  n  iiietbod  of  measuring  distunces  without  a  cbaiu,  us  tbe  twQ 
borutunLU  hairs  that  are  u.sed,  being  iu  diffreut  parU  of  tho  tield  of  view, 
on  not.  ill  a  m^^ority  of  coses,  be  focused  so  as  to  be  devoid  of  parallax, 
uid  the  slig1it«at  travelling  of  the  wires  in  this  operation  wlU  give  au 
•noneous  result. 

The  evils  uf  tbit  defect  tveiv  most  forcibly  brougbr  to  Mr.  Heller  and 
lh»  I>t9  Wra.  J.  Young's  notice,  when  oue  of  their  best  Transits  failed  lo 
dtfloe  ill  tunnel  work,  from  loss  of  light,  from  this  cause,  and  they  both 
nshavutcd,  to  witliiii  a.  short  time  of  Mf.  Young's  de.ith,  to  remedy  it, 
bring  all  the  known  formulas  of  abnost  all  tbe  opticians  iu  the  couutr;, 
but  wttUuut  any  good  results. 

In  the  Ti-li.*5copo  of  this  iuatrument  these  evils  are  entirely  removed,  hj 

the  «in]>luymuut  of  a  new  eye-piece,  and   advantage  has  been  taken  of 

W  liU|)roveiueiits  that  Optics  have  m.ido  iu  the   lost  few  yciii's,  in  the 

nuvatuivs  iiiul  arr^iuj^omeuts  of  the  lenses  that  compose  it ;  aud  the  test 

•tiErivil  tu  al>ove,  of  focusing  au  object  iu  the  centre  of  tbu  flcU  of 

t,  aud  tJieu  bringing  the  same  object  to  tbe  edge,  and  it  still  remain- 

"fl  iiluirp  focus,  cull  be  douo  with  this  telesiiope,  aud  the  object  shows 

;ie  of  prismatic  color,  showing  that  both  chromatic  and  spherical 

n  tiavo  been  removed. 

t«  advantages  of  this  improved  Telescope  are  :  a  clear  and  sharply  dc- 

1  Held  of  view  so  flat  that  tho  cross  liu'irsare  without 

eiy  pail  of  it,  and  micrometer  hairs  or  Stadia  can  be  used 

pbvorable  results. 

ks  whole  efiective  power  of  tbo  object  glass  being  used  and  none  of 

glltloat,  work  cnn  be  commenced  earlier  in  tbo  morning  and  contin- 

lll»t»(  in  the  afternoon  thiiu  is  U6ual.     This,  in  the  winter  season,  is 


May  5tb,  1871.]  1 20  [Heller  anil  Brightley. 

no  slight  matter  to  the  engineer,  and  lastly,  there  is  no  straining  of  the 
eyes  in  sighting. 

The  spider's  web,  by  reason  of  its  fineness,  is  the  only  article  hitherto 
used  for  cross  hairs,  yet  in  use  these  have  been  attended  with  some  diffi- 
culties :  first,  the  spider's  web  is  hygrometric,  or  is  afiected  by  the  hu- 
midity of  the  atmosphere — when  exposed  to  dampness  lengthening,  and  of 
course  throwing  the  line  of  coJlimation  from  its  true  place.  This  defect 
is  more  serious  in  the  Engineer's  Levelling  Instrument  than  in  the 
Transit,  instances  being  known  where  the  line  of  collimation  has  altered 
two  or  three  times  in  the  course  of  ten  hours,  by  reason  of  atmospheric 
changes,  and  of  course  any  observations  taken  at  those  times  would  be 
defective  ;  lastly,  the  spider's  web  being  a  transparent  and  not  an  opaque 
substance,  in  some  positions  it  is  impossible  to  see  the  hairs  at  all — this 
is  more  especially  the  case  when  sighting  in  the  direction  of  the  sun ; 
that  is,  an  easterly  course  in  the  forenoon,  or  westerly  in  the  after- 
noon. 

To  remedy  this  defect,  platina  cross  hairs  j^^^  of  an  inch  in  thickness, 
or  as  fine  as  spider's  web,  are  substituted  ;  these  being  opaque,  and  not 
transparent,  in  sighting  in  the  direction  of  the  sun  are  still  visible,  and 
any  atmospheric  changes,  dampness,  <&c.,  do  not  affect  them.  We  belieye 
that  we  ai-e  the  first  ones  in  this  countiy  who  have  drawn  wire  so  thin, 
and  the  only  ones  who  have  made  any  practical  use  of  Dr.  Wollaston's 
experiment.  The  platina  hairs  are  invaluable  in  Mining  and  Tunneling 
Instruments,  that  are  so  constantly  exposed  to  dampness,  and  being 
opaque,  no  i*cfiector  to  illuminate  the  cross  wires  is  required. 

To  prevent  the  stiffness  of  working  of  the  leveling,  tangent  and  other 
screws  in  cold  weather,  which  arises  from  the  congealing  of  the  grease 
that  is  used  in  lubricating  them,  no  oil  is  used  upon  the  screws  of  this 
instrument,  but  they  are  lubricated  with  pure  plumbago. 

By  a  simple  arrangement  of  the  clamps  on  the  axle  of  our  complete 
Transits,  we  make  them  also  answer  the  purpose  of  a  pair  of  Compass 
sights,  for  taking  ofifsets  at  right  angles  to  the  telescope. 

From  the  above,  it  will  be  seen  that  this  instrument  has  the  following 
improvements  over  the  ordinary  Transit : — 1.  A  simple,  secui-e  and  steady 
method  of  (attaching  and  detaching  from  the  tripod,  being  the  only  long- 
centre  transit  made  that  detaches  as  easily  as  a  short  centre.  2.  An  im- 
portant decrease  of  weight,  without  decrease  of  size,  and  an  increase  of 
steadiness.  3.  All  the  working  parts  of  the  tangent  screw,  &c.,  brought 
within  the  plates,  making  the  instrument  more  compact.  4.  An  improved 
tangent  screw,  telescope,  cross  hairs  and  tripod  head.  5.  A  pair  of 
sights  for  taking  ofi'sets;  and  G.  A  new  method  of  lubricating  the 
screws. 
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On  Iht  rtlalitin  •>/  tht  AintonjiB  'i 

By  Pliny  Eari.e  Chase. 
(Biai  be/are  the  American  PhihtapMeal  Sueitly,  Xay^ATt,  1871. 1 


the  Am. 

Ptof.  LtwmiH'H  obscrvntions  of  the  number  of  AuroniB  in  eacli  niontb 
of  7BB9  Anil  19T0(Amer.  Jour,  of  Scieuce,  3d  S.,  i.  300),  are  specifillr 
■oteworthy,  botli  because  of  tlie  varcful  accurBcy  or  tlie  o1>server,  and 
Wauw  thpf  are  the  llivt  puUiiibeit  observations  which  fumUh  satisfac- 
Vkj  dfttit  for  an  approximate  deUrmination  of  the  taws  of  auroral  dis- 
tribntinn. 

If  ItiHiurorasarG,  as  is nom  generally  believed,  luminous  tuanifosta' 
tiOMof  tenvstria]  magiiGtiKm,  It  seems  reanoiiablo  to  look  to  them  fur 
WiM  additional  evidence  upon  the  question  of  tbo  relation  between  mag- 
wtk  «nd  gmvitaUng  currents.  Messrs.  Baxendell  and  Bloxam  have  nl- 
mdji  pnintod  oat  some  resemblanecs  between  hyetal  and  magnetic  curves, 
t,(M  Free.  A.  P.  8..  x,  3G8)  and  if  analogous  reHeniblancea  can  be  traced 
tKtVMn  Ijyctal  and  auroral  curveH,  tliey  willbe  interesting  andnuggestive. 

I  have  not  found  ttie  similaiity  between  the  annual  distribution  of  raiii- 
bOi  ind  of  auroras,  sufficiently  striking  to  impress  any  one  who  has  not 
Made  a  special  study  of  the  causes  of  resemblance  and  difference.  But, 
at  I  hRve  repeatedly  urged,  currents  are  subject  to  an  increased  number 
cfdliKiiiting  diaturbances,  in  proportion  to  the  sluggishaesa  of  their  ino- 
liw,  wd  the  time  which  is  oonnequently  required  for  their  formation  or 
dusjje.  We  may  very  reasonably  look  for  analogies  between  the  daily 
ud  the  annual  auroral  or  magnetic  cnrvesi,  of  a  character  for  which  we 
could  liope  to  llnd  no  parallel  in  wind,  rain,  or  ocean-current  curveH. 

If  •*  licnirc,  tliorel'ore,  to  find  eviilence  of  the  joint  influence  of  solar 
*zpUHl<ni  and  gravitating  equilibrium,  we  should  look  where  it  is  most 
likrlyM  be  found,  and  to  the  best  of  the  observations  which  may  lie  sup- 
pwd  In  bo  fairly  comparable.  Ttiere  are  similar  variationa  of  solar  at- 
t■tadc^  atKl  consequently  increasing  and  diminishing  solar  forse,  in  the 
daj  lad  in  the  year,  but  the  ofTects  oftheso  variations  upon  the  precipita- 
Iko  of  vapor,  are  more  likely  to  be  shown  in  their  greatest  simplicity,  by 
4«  means  of  observations  .It  different  hours  of  the  day  than  at  different 
■omi  of  tlie  year.  I  know  of  no  published  observations  of  this  char- 
»a«  at  New  Haven,  but  there  are  some  extending  over  a  long  series  of 
f*an,  at  Pliiladelphia  and  at  Greenwicli,  the  curves  at  each  station  indi- 
MtlDg  tninima  of  rainfall  at  noon  and  midnight,  and  maxima  In  the 
Boniing  and  evening.  The  difference  of  longitude  between  Phil;idelpliia 
and  New  Haven  beiug  less  than  SJ^,  it  is  not  likely  that  there  is  any 
Biitriiil  illOvrunco  in  the  daily  rain-ourves.  at  the  two  places. 

In  urder  to  make  the  curves  fairly  comparable,  both  in  regard  to  tlie 

tins  and  the  magnitudes  of  deviation,  I  treated  the  auroral  ubsorvalions 

'ntlitnme  manner  as  those  of  rainfall  (Proc.  A.  P.  8.,  i,  -iSGl.     BoiL 

■■  ^Ibe  magnetic  and  in  the  byotal  phenomena,  the  greatest  effects  aci^om- 

~~'~~   Iwgreatast  atmospiieric  changes.     But  in  the   magnetic  dinturb- 
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ances  tbe  principal  maxima  occur  in  tbe  spriDg  of  tbe  yeiir  and  tJie 
morning  of  tbe  day,  while  thegenera)  evaporation  is  increasing,  whereas, 
in  tlie  daily  rains  at  Philadelphia,  the  principal  roarimum  occurs  in  the 
aft«rniM>n,  when  evaporation  ia  diminishing.  I  have,  therefore,  oonipued 
the  midwinter  ordinate  of  the  auroral  with  the  noon  ordinate  of  the  rain 
curve,  and  the  midsummer  auroral  with  the  midnight  hyetal  ordinate. 


v_y 


The  anroml  otuervations  and  thenormalordinatesof  the  accompanying 
cunren,  are  given  in  the  following  table.  I  presume  no  one  will  doubt 
that  tiic  condensntion  of  vapor,  wliich  is  represented  by  tbe  raincnrvn,  is 
occaHioned  by  the  simple  operation  of  giuvitation  in  blending  ouirentaof 
different  temperatures,  and  I  see  no  reason  for  poBtulating  any  different 
law  for  the  development  of  electricity  and  magnetism  in  the  aurora. 


? 

69 

is. 

January . 

..33 

Pebmary 

.81 

March... 

.41 

April.... 

,44 

May 

..36 

,.81 

Comparative  Table  of  Auroras  and  Ilainfatls. 


n 


II 


September.. 48      106 


November,.  27 
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Winds  cf  Ecropb. 

B;  PusT  £arls  Chase. 

{B*ad  b^orf  Ihi  AnterUan  I'hOotophieal  Soeiets ,  Jvn*  \^,  ISTl.) 

In  m;  deitire  to  give  proper  ireigbt  to  oonslder«.tionB  which  favor  the 

bypothens  of  normal  cyclonic  currenta,  I  stat«d  in  a  recent  commiinico' 

tJoQ  to  the  Bociety  (March  17,  1S71),  as  one  of  the  admitted  facts,  "  that 

moat  of  the  Enropean  winds  are  cyclonic." 

Further  Etiid;  has  iiatisfled  me  tbat  this  admission  is  alto^ttier  too  lib- 
«nl,  and  thftt,  although  a  niiU'>"^J  *'^  ^^  European  winds  arc  cyclonic, 
Ibe  mfgoritf  is  not  a  large  one.  The  daily  weather  maps  of  the  French 
"Balletin  International."  and  the  Quarterly  Weather  Reports  of  the 
British  Heteorologica}  OtBco  for  1860,  seem  to  show  conclusively  that  in 
France  and  Great  Britain,  antioyclonic  are  nearly  as  frequent  as  cyclonic 
cumntK,  and  that  it  is  only  by  a  diacnssion  of  continuous  records  that  the 
prerailing  cyclonism,  such  as  is  indicated  in  the  following  table,  can  be 
d«monstrTkted. 

I  have  deduced  the  average  direction  of  the  winds  (Vom  the  tahles  in. 
Coffin's  '•  Winds  of  the  Northern  neraisphere."  Thoxe  marked  (C)  were 
computed  by  Prof.  Coffin ;  the  others  were  obtained  by  combiuing, 
with  some  regard  to  weight,  the  observations  which  he  records  for  the 
ra^>eetiT«'  districts. 

Hkan  Dirbctios  of  Euroceak  Wikdb. 

Inhmd,  (Sstations) N.  W-'W  W. 

(C) 8.  66 

,(C) •■  63 

(C) "50 

Nonmy,  (J  staUuu) '■  M  5fl      ■ 

Denmark,  (C) , .         "  63  '• 

Denmark,  Norway  nndSweden "  63  GO    " 

Russia "  52  21     " 

"      and  Hungary,  (C) N.  87  " 

.Prnsria 3.73  86    - 

Oennany,  iCi "76 

■'        Boutheni,  (C) "83    4    " 

Austria "  84  40      • 

Holland  and  Belgium "  79  IS      ■ 

Prance  and  Netherlands,  (C) "  88 

Fiance, 'C) "  83  .W    ■■ 

awitseriand N.  60  B4    •■ 

ItaXj "  3G  48    " 

On  ths  Normal  Positiok  av  titb  Tidal  Elupsoid. 

By  Pmst  Earle  CHAeE. 

{Tteiut  before  tht  Ameri'an  Ph.Uoto'phieal  Society,  June  16,  1871.) 

Tha  inferencen  of  Lnplace,  tlint  for  certain  depths,  and  of  Airy,  that  for 

all  (Irpths,  on  a  globe  covered  with  a  eca  of  uniform  deptli  and  without 


fi'iotion,  it  should  be  loie  water  under  the  moon,  rest  on  the  aRsumptio 
that  Jt-  is  so  alight  (see  Mec.  Celeste  3S7  iv,  337  iv,  S42,  21TT,  &c.,;  thftt 
it  mny  lie  Dugleuted,  in  oiAet  to  satisfy  equations  nhich  would  otliorwiee 


be  imposaibla  of  int^ration. 
the  tide  wave,  ie  insignificaDt  ii 
tude  and  longitude,  but  the  a 

)y  evident,  and  I  can 
term  whicli  would  bi 


e  of  equillb- 


I  true  that  the  mdial  coordluate   of 
n  comparixon  with  the  coorctinates  i' 
le  of  tbatiuRignifloance  is  not  immediate- 
}  iizaeon  for  omitting,  in  tidal  discusMons,  aujr 
n  the  discnssion  of  planetai?  n 
I  presume  the  following-  poetulatcs  will  be  readily  granted. 

I.  If  the  eai-th  had  no  asial  rotation,  the  tide  would  be  o 
liuni,  with  high  water  under  the  moon. 

II.  If  rotation  were  to  commence  after  the  establisbmeiit  of  the  equi- 
llhrinm  tide,  the  tidal  ellipsoid  woald  be  thrown  fin'ward  in  the  direction 
of  rotation. 

IIT.  If  the  water  flowed  with  such  velocity  as  to  be  self-sustuined,  tlie 
centrifugal  balancing  the  centripetal  lorce,  it  would  be  Ion-  water  under 
tlic  moon. 

Ab  neither  the  first  nor  the  third  of  these  conditions  is  true,  it  wouM 
seem  reasonable  to  infer  that  th  e  lidnl  crest  should  be  at  some  point  inter- 
niediate  between  the  lunar  meridian  and  the  Itivar  astronomical  hai-izon. 
The  second  pa«ta1al«  fnTore  thin  inference,  provided  t^erc  is  any  force, 
other  than  friction,  wliicb  would  tend  to  set  buck  the  crest  of  tiie  tlnrd 
postulate. 

Suob  forces,  it  seems  to  me,  exist  in  the  cohesive  atti-action  and  incom- 
preftcibiiitjr  of  the  water,  and  tlie  rigidity  of  tiie  cnrth,  all  of  wbich  tend 
to  shorten  the  radius  vector  and  increase  the  velocity  of  every  parliclA' 
dm,  in  two  of  the  quadrants,  and  to  lengthen  the  mdius  and  diminish  the 
vclucity,  in  the  alternate  quadrants.  These  soccesMve  iucromenta  and  da- 
crcments  of  velocity  terminate  at  tlie  octants,  thus  tending  t«  produce 
low  water  three  liours  before,  and  high  water  three  hours  after,  the  mooa 
(lasfccs  the  meridian. 

Airy  (Ho,  Notices,  R.  A.  S.,  April  13,  1868),  gives  a,  diagram  to  show, 
from  the  position  of  the  poiuts  at  which  vero  horizontal  cunvnta  becom^i 
plun  or  rninu*  currents,  that  it  must  bo  low  water  under  the  moon. 
unable  to  reconcile  bis  hypotheses,  rcHpecting  the  direction  and  v«looitj 
of  the  ourreutH,  with  actual  tidal  observations,  but  even  if  they  are  oor- 
reel,  I  tliiuk  we  should  look  to  tlie  total  action  of  the  moon,  ratlior  than 
to  tlic  How  of  water  at  particulAr  point*.  The  water  falls  in  the  outtr* 
qundrants  immediately  following,  and  rises  throughout  the  quadrants  im> 
mediately  preceding  the  meridian  of  high  water.  Would  not  this  oontiib- 
uous  action  be  bcKt  sustained  If  the  moon  wt^ro  ou  the  great  mrcle  iBPW, 
of  the  crest  and  VfiE.  of  the  trough  of  the  tidal  wave,  oa  NewtoD  si 
geslcl  in  his  Prineipia.  U.  I.,  Prop.  8(1,  Cor.  ao? 


^  en  an  Apparent   VMntlon  of  th«  Lnw  of  Begular  Progrtuitt  Dt- 
bitumdtitation  »f  the  American  Coal  Bedt  Comtng  Eail. 
Bi  J.  P.  Lbsi^t. 
(Read  htfon  Iht  Aiaertean  PJiilnn-tphical  Soeifty,  Junt,  16T1.) 

fatheooureeofii  Geological  survey  of  corUin  lands  mSoineraetCouDt;, 

Petmsylvftnia,  it  appeared  tliat  tbe  beds  of  coal  existing  at  Ureina  lield 
mnob  less  volatile  matter  than  was  eipeotod-  TLe  gas  ooals  of  West- 
moreland Conntj.  which  come  east  as  fkr  as  Connellsviile.  only  tliirty 
miles  west  of  Crsina  (sec  accompanying  map),  hold  between  30  and  40 
|i*r  cent,  of  volatile  matters.  Threo  analyses  ahow  the  Ui'sina  coals  to 
ia.Tt  hat  17  p«r  cent.,  while  a  foarth  gives  23  per  rant.  TbU  pnts  the 
Bomenet  County  coals  into  the  itmi-biCrtminoui  class.  Yet  the  specimens 
were  taken  from  gangways,  a  good  many  years  old,  and  several  bundred  Teet 
trom  thn  outcrop,  under  high  bill  cover,  at  a  point  on  thu  wstUrn  border  oT 
lite  First  Bituminous  Coal  Basin  of  Ponnsylvania,  near  the  Maryland  and 
Tirginia  State  line.  More  properly  we  should  say  that  tlie  Ursina  coals  lie  in 
ttiesecoDdeynctiDalnrthe  First  Basin.  For  the  Negro Mountiiin  Anticlinal 
eamoc  up  from  Virginia  and  splits  the  First  Basin  into  two  in  Pennsyl- 
fuiia.  The  mountain  dies  down  at  Castle  man's  River;  but  the  anti- 
diool  axis  runs  on  northward.  The  First  Basin  is  similarly  split  into 
two,  east  of  Joliustown,  by  the  Viaduct  Anticlinal,  which  uiay  or  way 
not  be  an  actual  prolongation  of  that  of  Negro  JlounCain. 

To  make  tlie  situation  understood,  tlie  following  extracts  from  my  re- 
port to  the  owners  of  the  property  will  suffice.  The  accompanying  map 
tbowB  the  Backbone  of  the  Alleghany  passing  by  Altoono.  This  is  the 
«ast«ru  edge  of  the  First  Bituminous  Coal  Basin.  Tlie  two  long  parallel 
nountiiins  between  Ursina  and  Connellaville  enclose  the  Second  Bitumin- 
ous Coal  Basin  of  Pennsylvania.  Tlie  Third,  Fourth,  and  Fifth  lie  west 
<if  it,  and  the  Sixth  occupies  the  northwest  corner  of  the  map  ;  no  moun- 
ting separating  the  last  four. 

Figs.  1  and  2  will  suffice  to  show  the  topographical  character  of  the 
(ouatry,  nnd  bow  the  areas  of  tbo  almost  horizontal  cool  beds  have  been 
«ut  out  into  patterns,  as  if  with  a  jig-s.'iw,  leaving  outcrop  edges  around 
e  billfiides,  at  nhicb  gangways  enter,  atid  from  the  mouths  of  these 
» depend. 
I.  3  and  i  give  vertical  sections  of  the  coal  measures  made  with 
'b  Barometer  ;  and  Figs.  5  and  (i£.how  longitudinal  Vertical  sections 
le  bills. 

ecial  surveys  like  this  have  mon 

!S  very  unexpectedly,  i 

1  have  tliem  placed 

y  of  the  collected  facts  of  science 


jnodvantaee  t 


than  a  commercial  value :   they 

w  truths  for  men  of  jcience.  It 
n  record  for  common-  use.  Too 
■o  annually  lost  for  want  of  pub- 


9  property  surveyed  iu  this  instance,  lies  in  my  old  tramping  aud 
^ng  ground  of  1640,  during  the  Bfth  year  of  the  State  Geological 
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Surrey.  The  report  wbicb  Hr.  JameB  T.  Hodge  and  myself  m&de  U>  Hr. 
H.  D.  Rogurs,  Chief  of  the  Survef,  iiiny  be  found  recorded  in  the  Fifth 
Anuunl  Report  (1841),  pages  80-S2,  which  I  will  here  recapital&M  i. 
detetnding  order  of  tlie  bedit,  for  convenience  of  comparuoD. 

Tht  PitUburgh  bed,  I,  has  been  eroded  from  tbe  wbole  country  between 
the  AllegbuDy  Mountain  and  Chestnut  Ridge  (at  CanuelUvilla  and 
Bliirsvillu)  except  two  hill  tops  ;  oiiu,  near  Snliabury,  and  the  other  n 
Ligonier.  It  is  possible  also  that  a  tbirf  exception  may  be  discovered  in 
tlio  high  liill  coUBtry  south  of  Johnatown,  where  a  conspicuous  bench 
runs  along  the  hilltops  for  several  miles. 

Limettone.  20  feet  below  I,  6  feet  thick  in  the  Ligonier  Basin. 

Goal  bid  II,  50  feet  below  I,  S  feet  tbiuk  in  the  Ligoniei  Basin ;  1  foot 
thick  in  the  Salisbury  Basin. 

Ooalbed  0,  100  feet  below  H,  IJ  feet  thick  in  the  Salisbury  Basin; 
circles  tbe  highest  hilltops  in  the  Ursina  Basin  with  a  conspicuoos  beoOh.* 
Port  tlill  is  not  quite  high  enough  to  have  it. 

Rtd  ShaUi  between  G)  and  F. 

U/inl  bid  F,  00  feet  below  G ;  generally  small ;  but  4  foet  thick  in  t 
Salisbury  Basin.    It  forms  tlie  high  ten-ace  of  tbe  Fort  HilL 

MaliOuing  Sand  rock. 

Conl&edE,  "Upper  Freeport,"  SO  feet  below  F;  S  feet  thick,  on  3  A 
oT Linttiton*  (over  it  Shnles  witli  ore-hatli)  in  Ursina  Bitain;  3  feet  thick, 
on  5  feet  of  Limtttont  in  tbe  Salisbury  Basin. 

Goal  bud  D,  "Lower  Freeport,"  60  feet  below  E,  8  feet  tliick  in  Ursina 
Basin  i  4  feet,  further  north ;  over  10  feet  of  Sitodstoiie 
two  beds,  7  feet  asunder,  11  incbca  in  all.  This  ore  ball  horison  is  very 
extensive  north  and  south  of  tbe  River. 

Coal  bed  C.  20  feet  below  D,  2^  to  4  feet  tliick. 

CmiI  b«d  B,  30  feet  Ijelow  C  on  Cox's  Creek,  40  € 
(N.  Fork),  and  00  at  Coufluenoo ;  4  feet  thick  over  ( 
the  river;  1^  feet  thick  over  4  feet  of  Limetlont 
Twenty  feet  above  B  lie  13  feet  of  Shales,  etc.,  ooutainiug 
Bpiing  Run.  below  Piukerton's  Bend  of  the  river. 

Coal  bed,  23  feet  below  Limestone,  on  west  bank  of  Castteman'a  riv«r, 
I  mile  above  Zook's  run  ford,  and  on  North  Fork  at  old  salt  boring ; 
carries  G  feet  of  Shale  containing  I  foot  otorf  balli. 

C"iit  bed  A,  70  feet  bolow  B ;  22  indies  thick,  at  Shroff's  Bridge  over 
Castle  man's  river. 

Conglomerate;  30  feet  below  A ;  the  interval  being  massive  Sandstone. 

Such  was  thu  general  scheme  of  the  Coal  measures  made  out  during 
the  old  survey,  and,  however  HUl>sequeotly  modified,  it  bas  been  of  io- 
oaluulable  .value  in  all  subsequent  special,  and  private  investigations. 
It  was  a  very  successful  attempt  to  rt^duce  to  system  the  hetorogenoon* 
mata  of  details  collected  from  all  parla  of  tbe  Bituniiiious  Coal  Region 
of  western  Pennsylvania  outside,  or  to  tbe  east,  of  tbe  Honongahela  River 
Upper  Coal  Bods,  and  of  tbe  AUegluuiy  River  Lower  Coal  Boda.    It  wm 
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bj  tlie  colltvtion  of  these  tlii'oe  ^neralizations,  tlmt  the  tirst  knowledge 
of  tlie  true  order  of  the  American  Coal  SIoaAures  wna  obtained,  a  starting 
point  and  n,  baaiis  for  all  tlie  Western  Surreys. 

It  wns  merely  a,  sketcli,  liowever;  done  hastily,  in  a,  siugle  season,  ai)d 
with  moiit  inadeiiuate  means  at  our  comoiaud.  lu  pecuniary  power  the 
party  fell  so  low  tbnt  one  ut  our  cnmps  on  the  North  Fork  could  not 
moved,  because  the  whole  party  oould  not  raiHe,  amongat  them  all,  37^ 
oents  to  pny  a  farmer's  bill  for  potatoes.  A  messenger  was  dispatched  to 
Hsniui'B  at  the  Turkey-foot,  now  Confluence,  with  a  faint  hope  of  re 
iog  from  the  Chief  in  Fhilndelphia  a  remittance-  Happily  a  letter  waa 
lying  in  the  Post  office  which  relieved  our  embarrassments. 

Every  suliaeiiuent  private  survey  has  reve.tled  both  the  general  aoouraey 
and  the  special  inaccuracies  of  the  sunmiiry  statement  of  the  Piftb 
Annual  Report ;  and  there  is  work  for  competent  local  geologists  for  » 
long  time  to  i^ome,  tracing  the  principiil  members  of  the  column,  obsorr. 
ing  tlieir  variations,  intercalating  the  more  insignificant  deposits,  and 
diecovering  tlieir  sudden,  4iid  local,  and  valuable  expansions.  We  know 
but  Itttlo  yet  of  tlie  true  nature  of  the  genetic  relationships  of  ooal,  < 
bonate  of  lime,  and  carbonate  of  ii-on.  But  we  know  that  they  hold  sc 
curiously  flKed  lelationahips  of  the  liighest  economical  iinportanca. 
Every  special  survey,  therefore,  should  be  published,  in  the  hope  of  taking 
another  step  towards  a,  complete  understanding  of  that  subject. 

It  is  with  this  view  that  I  append  a  special  description  of  a  property 
recently  surveyed,  stretching  for  five  miles  aloug  the  North  Fork  of  the 
Toughiogheny.  The  North  Pork  is  the  Laurel  UiU  Creek  of  the  FifUl 
Annual  Beport.  Its  mouth  and  that  of  Castleman's  river  makes  tha 
Turkey  Foot  at  ConfluenoD.  Ursiiia  is  a  new  village  one  mile  up  tbe 
Fork.  The  new  Baltimore  and  Pittsburgh  Railway  is  constructed  up  the 
south  side  of  the  Fork  past  Ursina,  where  its  grade  is  90  fuet  ubovs  water 
level.  It  then  passes  iby  a  tunnel)  through  tlie  hills,  and  continues  tta 
course  eastward  up  the  North  bank  ol  Castleroaii's  River.  Ursina  is  8 
miles  by  railroad  from  Piltaburgli,  and  343  from  B.iltimore.  There  ar 
1430  acres  in  this  property,  and  its  greatest  width  of  two  miles  uarriea  it 
across  the  centre  of  the  Coal  Basin  so  as  to  include  both  dips ;  which, 
however,  are  very  gentle,  nowhere  exceeding  S'^  and  seldom  as  high  as  1^, 
There  in  also  a  gctitio  lowering  of  the  oentral  belt  or  axi.i  of  tbe  basin 
so  iitli  west  ward  towards  tho  Turkey  foot,  which  lins  doterniinod  its  atrik- 
ingly  romantic  topogrophy.  Tlio  hills  of  nearly  horizontal  coal  measuros 
are  300  to  400  feet  high,  and  tho  coal  beds,  etc.,  pass  through  thciu  from 
valley  to  valley  cropping  out  in  nearly  horizontal  lines  along  their  sidn 
and  around  their  ends.  Ra»lcr  conditions  for  mining  cannot  be  imagined- 
And   it  l8  in  a  country  iitiite  destitute  of  fanlts. 

The  coal  beds  belong  to  the  upper  part  of  the  Lower  Coal  Syatom, 
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Iht  Sit  Foot  Coal  Bui  oittcrops  on  tlie  hill-Biile,  over  the  town  of 
Cniiiia,  M  RU  elevation  of  about  200  feet  abovo  the  water.  Its  oulorop 
ktrpg  at  nlwut  tliii  licight  along  the  euat  tlutik  of  tLe  Ritlge  (Minder'a 
Bod  Snniler's  hill)  for  two  inilcn,  up  the  west  bank  of  the  Noith  Fork, 
ItcrapB  out  on  both  sides  of  Minder's  crock,  as  high  up  nH  tUe  fork*, 
wlwn  It  gets  uudor  the  water  of  the  run,  which  descends  rapidly. 


Ft  1 
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E  Sis  Foot 


North  Fork,  at  the  same  ekvatioD  of  about  300  feet  nbove  water-level, 
for  a  diitancn  of  two  and  a  half  (3J)  miles  ; 

— Along  both  Kidea  of  Smith's  crook,  for  IJ  milus  : 

— Along  both  Bides  of  Brown's  creek,  for  I  j  miles  ; 

— Along  both  sides  of  May's  croelc  for  J  mile  : 

— Along  both  sides  of  iSander's  creek,  for  ^  mile  : 

Bo  that  the  outcrop  of  this  bed  has  a  niu  of  over  ten  (10)  miles. 

Id  this  Nortliem  part  of  the  property  it  lies  also  iu  the  best  mn 

possible  for  mining  ;  falling  gently  in  all  directions  towanlH  a  central 

point,  or  mining  location,  between  the  mouths  of  Smith's  and  Brown's 

creeks.    Tbo  arrows  on  the  map  (Qg.  1 )  show  the  direction  of  the  fall  of 

the  coal.    Tbe  two  parallel  liiies  (from  R  R  northeastward)  show  tba 

central  a.xiB  of  the  basin,  or  deepest  pnrt  of  tbe  coal  bed,  fulling  toward* 

S.  8(k>  _'  W. 

Down  this  centml  axis  tbe  conl  bod  falls  at  tbe  rate  of  leas  than  1^  i 
or,  between  00  and  70  feet  in  the  mile.  The  fait  from  the  Eiieger  bank 
to  the  Ro6*  bank,  W.  B.  W.  is  150  feet  in  a  little  less  tlian  a  mile.  The 
riu  from  the  Rose  bank  to  the  crop,  up  Mnj'a  creek,  northward,  ii 
feet  in  a  tittle  over  a  mile. 

The  following  openings  on  tbis  Six   Foot   Bt-d  have 
lieen  worked  for  several  yeais : — 

The  Krieger  Bank  one  mile  up  Brown's  creek,  soatb 

I  side  ;  9  feet  above  tlie  water-bed  ;  runs  in  109  yards,  E, 

I   1(P  S. ;  coal  mined  from  several  EOiall  breasts,  not  manj 

tons  altogether.    It  is  represented  in  Fig,  7. 

Top  Rocks:  Black  Slate 8  fbat. 

Crumbly  Shale 0  feet. 

Top  coal,  with  three  half  inch  slates 1  foot. 

Uain  coat,  solid  bench,  with  occasional  wedges 

of  drab  clay S  feet. 

Slate  not  taken  up 8  Inchw 

Bottom  cD.il,  bench  not  token  up 9  incbeft. 

The  following  analysis  by  Jlr.  Persifor  Fraier,  Jun.,  shows  a  superior 
percentage    of   solid   cart>ou    ivitb   a   minimum    of   ash,    eulpliur 

Carbon  [cokel 7B.3D  (or  d  of  the  wliote.) 

Volatile  sutjstauces 17.17  (It  is  therefore  not  a  gas  coal.) 

Ash 3,11  (an  extraordinarly  pure  coaL). 

Sulphitr 0.47 

Water 0-65 

Total 100.511:  in  which  the  sulphur  tins  been 

considered  exclusively  a  coustituenl  of  the  Ash.  The  specimen  (No.  1) 
was  obtained  from  tlio  Eri(-ger  t>ank,  some  distance  back  in  tliegangwajTi 
and  midway  of  the  bed,  lictwccn  the  roof  and  floor,  and  may  be  considered  ; 
a  fair  speoimen  of  what  the  bed  will  do  wb«u  mined  on  a  large  seals. 
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The  ash  is  remarknbly  small — tlie  coke  very  great  (nearly  ^thg  of  th« 
tvbole} ;  and  tUo  gnu  no  higher  than  in  Broad  Top  Coal ;  water  and 
Kulphur  about  half  or  one  per  cent.  Tho  email  percentage  of  water  in 
tliese  coals  is  ronmrkablo. 

The  coal  is  friable  and  comes  out  much  crnmbled,  and  will  not  bear 
transportation,  but  makes  a  very  nice  grey  even  coke.  The  orumbUng 
shale  roof  will  call  (or  very  careful  mining  and  abundant  timbering  to 
keep  the  mine  in  good  order.  But  while  timber  is  abundant  in 
district,  longwull  mining  will  let  the  roof  fall  behind  and  afford  plenty  of 
elate  stuff  for  gobbing  up.  wher«  needful. 

77ie  Rott  Bank,  opposite  the  mouth  of  Brown's  ci'cetc,  facing  south, 
2S0  feet  above  water ;  shows  six  feet  face  of  coal,  very  good,  except  that 
there  are  a  few  thin  layers  of  slate  in  the  top  bench  of  13  locbsB,  u  b 
fore ;  a  coal  of  8  inches  is  said  to  underlie  the  bed,  as  before ;  roof,  BgAln,  . 
crumbly  shale ;  coal  very  friabl« ;  it  is  roughly  coked  in  the  open  air  in 
front  of  the  mine  and  makes  good  coke. 

7'he  EuMman  Bank  is  opposite  to  the  Ilose,  on  tlie  west  side  of  tba  , 
valley ;  and  an  old  mine  is  \  mile  further  west  on  the  same  outcrop,  (uld. 
at  the  same  level,  33  feet  above  the  bed  of  Sander's  run.  Both  are  fallen 
in.  The  people  say  that  the  bed  exbibitud  tlio  same  oliarocter  as  oq 
Brown's  creek. 

The  bod  has  not  been  fully  opened  at  the  souUiem  end  of  the  propMt^i 
but  I  see  no  reason  why  it  should  differ  in  quality  or  thickness  here  from 
whore  it  is  opened  further  up  tlie  North  Pork,  «Dce  it  runs  with  r<,*mArk- 
able  regiilnrity  of  thickness  and  ohariicter  fi-ora  the  Krieger  bank  (up 
Brown's  creek),  to  the  Kuldmaci  bank  and  tho  old  opening  od  Bauder'a 
creek,  a  distance  of  two  miles. 

Geologically,  this  bed  is  the  continuation  southward,  into  Maryland,  < 
one  of  the  Frecport  bods  of  the  Alleghany  River  System,  having  a  vrids 
extension  through  western  Pennsylvania,  and  usually  furnishing  tlie  best 
of  coal.     For  want  of  special  instrumental  surveys  in  the  country  south 
of  the  Conemaugh,  it  is  not  now  possible  to  assert  positively  to  which  ot 
these  two  Alleghany  River  Coal  bods  the  Bii-foot  coal,   in  soutbem 
Somerset  county,  answers  best.    Our  best  gtiide,  the  great  lime  rook 
wliich  uaderlies  the  upper  of  these  beds,  thins  out  as  it  approaches  t1 
Allegheny  Mountain  and  the  Maryland  line.     But  as  we  have  a  dark 
Shale,  with  limestone  nodules,  overlying  our  Bix-foot  coal  bed,  and  I 
nenth  what  is  probably  the  Mahoning  Sandrock,  in  the  same  position  tl* 
that  occupied  by  the  upper  of  tbe  two  Allogheuy  lUver  beds,  the  Six-foot 
coal  would  seem  to  be  the  lower. 

If  a  colliery  were  established  at  the  mouth  of  Brown's  cretrk,  and 
three  incline  planes  ascended  the  eudA  of  Younkiu's  hillr  Menard's  hill, 
and  Hyatt's  hill,  tlien  from  the  tops  of  these  three  planes,  three  maia 
entries  would  have  three  unbroken  coal  fields  straight  before  Ihem,  witb 
a  rising  coal;  in  Younglcin's  bill  rising  eastward;  in  Menard's  hUl  rising 
northeastward,  nortli  northeastward  and  northward ;  and  in  Hyatt's  biH 
ri^Dg  west  north  we  stnaitl.  The  point  is  a  raiii  one  for  large  niinin|{ 
Operations. 


T^^BCTicAL  Sbctiox«  of  the  Coal  JTbabukes  sk*r  Ursi^a,  Super- 
set CocsTi,  P«sssTt.v*si*,  BT  Fraxkux  Piatt,  Jh. 
(Sfdntfd  by  PhotoKlhagrapTis/.) 


The  gangway  entpririg  Menard's  liill  (at  or  near  the  present  Hosp  bank}, 
Mid  conmaiKl  an  unbroken  area  of  one  and  thi-ce  iiuartet  square  miles 
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of  tho  Six-foot  bed,  containing  the  gro»»  ninoutit  of 10,500,000  tons, 

and  by  tresseliug  May's  and  Brown's  creeks  at  tbeir 
upper  parts  where  tho  Iwd  is  near  their  water  level,  mining 
might  be  carried  forwKid  into  theRamsb^rgerandErieger 

area,  and  add 1,500,000  tons, 

malting  in  ail 12,000,000  tons, 

commanded  by  this  gaugvruy. 

Tbo  gangway  at  the  end  of  Hyatt's  liill,  would  command  3,350,000  tons, 

The  gangway  at  the  end  of  Youngkiu'ii  bill  would  com- 
mand  l.SOO.OOO  tons. 

The  amount  of  coal  to  bo  reached  in  the  easiest  poHsiblc  way,  and  con- 
centrated at  one  cool  dtitiot  at  the  mouth  of  Brown's  creek,  is  tlierefore 
ovidenily  larger  than  tho  necessities  of  the  largest  collieiies  for  an  entire 
generation. 

When  the  main  gangways  become  inconveniently  long,  their  air-nays 
along  the  outcrop  will  afford  the  n^ost  convenient  outlets  for  alack  and 
waste  ;  and  new  gangways  can  enter  any  where,  because  the  drainage  of 
the  mine  will  l>e  perfect. 

Afine  colliery  can  also  be  established  at  the  forks  of  Minder's  Creek, 
a  mile  and  a  half  above  its  junction  with  the  North  fork.  Here  the  Six 
Foot  bed  strikes  the  water  level  of  the  run ;  gangways  may  be  driven  in 
horixontally  west,  northwest,  north,  northeast,  and  east,  commanding  an 
entire  square  mile  of  coal  lands,  or  six  million  tons  of  coaL  The  trnmrnnd 
for  Buch  a  colliery  will  be,  say  \{  miles  long,  with  ti  grade  of  10,  or  be- 
tween 00  and  100  feet  to  the  mile,  whicli  maybe  lessened  by  judicinns 
arrangements.  This  point  has  another  advantage  ;  it  will  permit  all  tlie 
Sander's  Hill  coal  to  come  out,  donn  grade.  I  never  saw  a  more  beauti- 
ful situation  for  a  first  class  coilier^  on  bituminons  coal.  Nor  do  1  know 
of  a  better  coal  on  whicli  to  esiablisb  a  great  coke  trade. 

The  Turkey-foot  is  likely  to  become  a  second  Johnstown,  in  the  w«y 
of  iron  works,  occupying  precisely  the  same  position,  geographical  and 
geological,  upon  the  Baltimore  and  Pittsburgh  through  railway  line,  which 
■Tobnstown  occupies  on  the  Philadelphia  and  Pittsburg  through  railway 
line,  as  the  map  on  page  3  will  show ;  and  just  as  Ulairsvillo  and  Con- 
netlsville  occupy  precisely  analogous  situations,  geological  and  geograph- 
ical, to  each  other.  At  Ursina,  tho  eraX  beds,  iron  ores,  limestones- 
occur  in  the  bills  in  the  same  way  tliat  tliey  do  at  Johnstown ;  the 
hills  are  of  the  same  shape ;  and  llio  minerals  lie  at  the  same  angles 
with  the  horizon,  and  at  similar  heiglits  above  water  level.  At 
both  places  the  Pittsburgh  and  Green  county  coal  boils  are  absent,  swept 
from  the  tops  of  the  highest  hills.  At  both  places  the  blue  carbODat« 
iron  ore  of  No.  XI.  underliuB  tlia  oonglomemte  un  the  Hank  of  tho  moun- 
tain near  the  top.  And  as  Johnstown  gets  brown  lieniaiito  ores  from  the 
limosUms  valluys  of  the  Juniata,  and  fossil  ore  tVom  Frankstown,  and 
Lake  Superior  ore  from  Clevelanil,  to  mix  with  the  ores  under  tlio  coal 
beils  in  its  hills,  so  Ursinn  can  get  fossil  oi-o  and  brown  liematito  from 


It  Sscnoics  OF  THE  Coal  SlEAsofiEB  near  Uni 
•ET  CocjtTT,  Pa.,  b¥  Fraarlih  I^att.  Jn. 
{Rtdueed  ftp  PhotoUtliagrajihy.) 
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Ciinibei'land  aud  at\i«r  points  on  the  Potomni^  and  Ihe  same  Lake  Supe- 
rior ores  lin  Pitt«titii'(>l),  to  mix  with  stime  iiou  ores  which  lie  in  the  hUl- 
Etdes  of  CiLEtleiuitn^s  river  anil  Laurel  Iim  Creek, 

Two  other  coal  bods  range  thiough  the  property.  The  Ktttncniing  bed 
100  fuet  lower  down  the  liillaidos  than  tho  six  foot;  and  the  ferrireroili 
hf'd,  nearly  at  irnter  level.  Two  other  buiuII  Heama  of  co:tl  exist  in  th 
hill  to|iK,  belotigiug  tiO  the  middle  or  npper  part  of  the  Biirivn  Measurec 
under  tlje  Pittsburgh  Coul  Bed. 

7Ae  Kittanning  Bfd  iiveragea  3^  feet,  mid  is  best  opened  at  Ursinn. 
This  bed  outcrops  all  around  tlie  hitl  sides,  north  of  Ursina ;  but  goei 
bcneitth  water  level  of  tliiidcr's  Cit«k,  twO'thirds  of  a  mile  up  taoxa  Ita 
mouth.     It  outcrops  all  the  way  up  tho  North  fork, 

A  thiity  inch  ooul  bed  is  opened  at  Uie  Rush  Bank,  1}  miles  aboTA 
the  moutli  of  Brown's  Creek,  (Bg.  1],  2S  feet  above  the  wat«r  of  ths 
North  fork  {Laurel  Hill  Creek).  This  hud  uiiderlU's  the  Six  Fout  aboot. 
IDO  feet,  aud  is  the  Kittanning  coal  bed.  It  shows  30  incliOH  of 
hard  con  I,  with  IS  inches  over  it  of  slato  mixed  with  thin  coal  seatM* 
and  a  I'oof  uf  soft  sliales,  requirlu);  careful  timbering.  Its  lloor  la 
sivesanHroek,  without  a  particle  ofiutorveningfii'cclay.  The  liedhuon]^ 
been  stripped  at  its  outcrop  ;  but  yields  cubical  massoit  uf  very  flrra  < 

Tlds  ia  the  usual  Citnnel  and  Block  Coal  bod  oftlie  country. 

Ihe  Ftrrifemut  Bfd,  (so  called,  not  because  it  oarriua,  itself, 
iron,  but  because  it  always  comes  into  tho  meaam'os  ju»t  above  a  lini»< 
stone  which  in  callvd  furnfcrous  because  it  carries  on  its  upper  enrEua 
the  great  iron  ore  dcpostto  of  north  west  Pennsylvania,  especially  In  Clnr- 
ion,  Venango  and  Armstrong  Counties),  averages  2}  fi<et,  and  lies  just 
above  water  level  at  Ursina.  It  sinks  beneath  water  level  going  west, 
down  tlie  fork.  It  has  been  opened,  also  on  the  property,  at  the  moutb  a€. 
May's  Crt^ek,  and  at  the  moutlt  of  Brown's  Creek,  on  both  banks  of  tha 
creek.  On  tlie  uortli  bank  ^Ti  inches  of  coal  is  visiblo,  with  u  3  inch  daw 
parting.  On  the  south  bank  20  inches  of  aonl,  8  iuultcs  slate,  5  [nuiies  of 
coal;  roof,  2  feet  of  iron-ataincd  shales  supiiortiug  80  or  40  fact  of  Band- 
stone;  Hiior,  hard  slate  ;  under  this,  a  thick  bed  of  RrB-day,  oantaioiug 
nodules  of  iron  ore;  under  this,  Uracstone,  said  to  bo  13  inches  thick. 

The  bed  is  not  thick,  but  its  tjuality  of  coal  is  good;  the  minaml  com- 
ing out  in  solid  bliH-'ks  and  apparently  adapted  for  the  iron  mannlbetare. 
Mr-  Fraecr  has  made  two  analyses  of  it,  with  tho  following  ivsults : 
No.  1. 

Volatile  matters  and  water .  .  17.13 

Water  alone ,.    .   ,  O.Wl 

Kixed  carbon «8.20  B8  87       11     08.68! 

Ashes 14.08  U.OO       H     R34 

Another  specimen  taken  from  the  Widow  CroU's  bank,  near  the  mouth 
of  Brown's  Ci-cek,  shows  tlie  same  character  of  this  lower  coal,  abov«  Uis 
limcstono;  equally  free  from  wat«r  and  sulphur  as  tlio  Six  Foot  b«dj 
gas  (e()ual  to  Alleghany  Mountain  Coal  in  this  pnftioulat);  a  largs  qiuiu-. 
tity  uf  ash;  and  3-Qths  of  it  coke. 
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Water O.K 

Volatile  EiibctsDMU  (Gu) 31 .90 

Carbon  (Coke) (10,88 

Sulphur  (In  ub) 0.88 

Adi .,13.«5 

Tlie  Ferrirerous  coiil  is  openad  jvIim)  itt  tliB  bend  of  Smith's  Creek,  on 
botb  batiks  of  the  cre«k.  On  the  sniiUi  eide  a  pile  of  half  biirneii  lime, 
•iwwB  how  strorRly  ferruginouB  tlie  limeatone  strntiini  is.  On  Ibe  north 
itd«,  tbe  outcrop  exjMised  b;  Hinging,  ahons  two  feet  of  ronl,  the  upper 
fnnt  slaty  ;  1  foot  of  clay,  with  nodule's  of  orv,  in  the  roof;  over  this 
again  1  foot  i>f  sandstone  ;  then  one  fnot  of  dark  slnto  ;  tlien  u  benv; 
■wilstone.  The  floor  is  a  thick  bed  of  firediiy,  the  unpcr  3  ov  4  feet  boin  ( 
dcHwly  filled  with  nodules  of  iron  ore. 

le  buc  of  tliDRnmsbergerllill  and  on  Bo^k'^  Creek,  at  tlie  north 
Hie  property,  tliia  ooal,  and  another  bed  80  feet  below  it,  (see  see- 
Hg.  4),  appitreutly  S4  to  SO  inches  thick    cacli,  and  mixed  with 
oocar  again,  and  no  lower  measures  are  Tisiblo  anywhere.     The 
vrate  at  the  Imse  o(  tlie  coal  measures  is  just  underneath  them  ; 
le  which  may  be  seen  iu  the  gap  below  Contluence,  making  a  great 
In  the  mountain.  • 

Are  clay  nude r  tbe  ferriferons^coal  is  usnalty  about  4  feet  thick. 
Ferriferous  Limestone  shows  about  18  inches  thick  on  the  esut  bank 
Nortli  fork,  but  its  general  thickness  I  do  not  know.  It  is  the  same 
it  nUieh  on  the  Slippery-rook  and  Beaver  River  eonntry  furnishes 
wrfii'liinc  fur  tlie  rittsbiirgh  works.  On  Smith's  creek  the  farmers 
luTe  tried  to  burn  tills  limestone  for  use.  but  f.iiled,  and  the  calcined 
fragments  show  that  it  aaiitaius  miinh  iron,  and  may,  therefore,  make 
1  mperior  blast  fnrnace  flux. 

Tins  bed  underlies  the  country  about  water  level,  and  is  »ery  con- 
tiitonl  with  the  ehameter  given  above.  At  UrKlnn  it  shows  tlie  aatue 
*Ute  palling  iiear  the  bottom,  and  the  same  underlyiug  iieds  of  flro 
day,  iron  ore  and  limestone.  It  will  probtii>ly  play  an  importaut  part 
in  the  fiitnro  development  of  tho  Turkey  foot  district. 
A  •mull  l2  inch)  layer  of  nodules  of  iron  ore  occurs  libout  63  feet 
above  nntcr  levn]  at  Uraina,  hut  it  is,  of  course,  worthless  at  this  point. 


crops  127  feet  above  tlio  Six  Foot  bed. 


r  the 


A  small  cunl  lied  o 
Krieger  bank. 


One  of  the  limestones  of  the  npper  part  of  the  barren  n 
in,  between  475  and  525  feet  above  water  level,  near  tho  summit  i 
^.ilvr's  mil,  and  extends  through  the  hill   tops  of  tho  propeily  i 
^urtb  fork.     It  is  at  least  5  feettliick,  and  ferruginous. 


it  100  feet  below  this  limestone  is  a  thin  coal  vein,  very  slaty,  and 
for  nothing.    TIibm  is  also  a  bed  of  ooal-ilato40  feel  under  this  up- 
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Tbe  anftlfiieB  glron  above  aro  iniportBiit.  Thoy  oppose  the  law  oT  prt>- 
grtuire  biiaminiialicn  amtaard  oTtlic  caxA  beds, 

Tliat  botli  Ibe  (1  foot  and  the  H  foot  Ui-niiia  befis,  situnted  at  tho  western 
limit  of  the  Ist  BitiitninoiiE  coal  baiun.  «bould  have  only  17  j*r  cent,  of 
Tolallle  matterfi, — not  more  tban  tho  cnnla  of  tbe  Broad  Top  Begioii, 
\yix\Z  one  hundred  miles  to  the  east  of  Ui'sinLi, — is  truly  rcniarkablc. 
Tho  Bnmd  Tnp  beds  nre  tilted  a.tid  IViulted  abundantly.  The  Somerset 
Couiily  beds  are  almost  jicrfectly  undisturbed-  The  coal  in  oii«  gangway 
showed  ^3  per  cent,  of  volatile  substances.  But  even  this  is  no  givatt-r 
Uian  the  coals  of  tho  Kommit  of  tLu  Alleghany  Moantain,  and  the  ouals  of 
the  Cumberland  Coal  Ite^fion. 

No  projior  scheme  of  the  ralet  of  Atbituminimtion  to  catting,  and  lo 
ditturbana,  can  bo  obtained  until  all  tho  analyses  of  each  bed  in  the 
series  of  Coal  MeasuraR  sbail  bo  t  abulalcd  apart  from  the  rest.  We  maj 
then  expect  to  learn  Homotliing  »lso  resiwctiiig  tbe  influence  of  Bpooiflc 
vegetation  uiion  Uio  percentages  ofcoko  and  gas. 

JJut  in  the  outset  one  source  uf  error  must  be  guanled  against.  The 
dpccimens  of  coal  fr«m  which  the  foregoing  analyses  were  made,  were  ob- 
tained in  the  walls  of  old  gniigwnys.  It  is  possible  that  they  liad  b«en 
long  enough  exposed  to  tbe  air  to  lo»e  some  of  tbeir  hydro-carbons  by 
spontaneous  evai>oration.  Tin-  ratfl  at  whioli  this  goes  on  in  coal  luincd 
nnd  «xpa«ed  in  heaps,  is  vapously  stated  by  those  who  liave  investigiu 
ted  tbe  snbject. 

Dr.  Ricbtcj-e  made  a  recent  commtinication  to  a  German  Journal,  iu 
which  he  stales  hia  oiiiuioui  that  tbe  weathering  of  coal  depends  upon 
its  ability  to  absorb  oxygen,  oonvcrtine  tlio  hjdio-wirboiis  into  water 
and  carbonic  acid.  At  a  beat,  aay  of  379^  F,  only  0  or  B  per  cent,  of  tb« 
carbon  accepta  oaygen,  the  rest  seems  to  show  little  or  iwi  dispoaitioii  to 
afline  witli  it.  Tho  process  in  npporontly  dependent  upon  tUepftr  ociit- 
age  of  tiydrogen.  But  with  coal,  cold,  or  at  ordinary  toiuperMture,  the 
oxydatiou  is  so  slow  as  to  be  inipercvptibltj,  even  after  cxpoiure  fi>r  an 
Diilirp  year,  lie  says  moistuie  lias  no  accelerating  elfect,  iinlasa  pyrito« 
is  present  in  quantity.  Pure  M'nl,  heaped  np  for  nine  months  or  aymr, 
unprotected  by  the  wratbcrand  not  allowed  to  become  heated,  is  ohauged 
no  mure  than  It  would  be  in  a  perfectly  dry  place. 

Ilorr  Omndniann,  ol  Tiiniowi  ti,  on  the  other  baud,  lins  recently  pub- 
lislied  ehiboral«  ex])rrimcnl«  proving  the  offect-s  of  extiosure  on  liltumin- 
ous  cuuls  to  be  mo»t  serious,  (.'oal  which  be  exposed  for  uinp  months, 
\mtji/tj/  per  c»n(.  of  its  value  as  fuel.  H  Is  uoiielusionH  ext-ited  such  doubt*, 
that  his  experimeuti- were  repeated,  in  connection  with  Heir  Varrontmpp, 
of  Brunswick,  who  proved,  liy  laboratory  experiments,  that  oxydatioa 
took  pluce  at  oommun  tcnipenitureK.  Three  months  sufficed  In  rob  ooa], 
kept  uuiformly  lit  lit)  C.  iL'N4  F)  of  all  iti  Carboit,  a  boat  loutfaMi 
that  evolved  in  i-n  m  i  i  i|  -  i  ^p<.i  ^l  i,,  tjie  air. 

Grnndmaiiii  i<r.  Mipiisition  woa  tbe  same  iu  tliu  middle 

of  the  heap  nii  ^ii     i.'  .'  ii  luiiubed  Its  maximum  aliout  the  thii'd 

or  fourth  wri-k  ;  ni.n  i.iii  .,i  ir,,..  i.>xygen  was  absorbed  durini;  the  first 
fourteen  days  i  tlmi  ;>  •'unl  |ii>i,i'  m  oxygen  abBorbs  it  most  inpidty  ;  that 
moisture  is  nn  inipoiiaut  luiiilitiun ;  that  coals  making,  when  frc«h1y 
mined,  a  firm,  coherent  coke  vt  good  quality,  make,  after  e>-en  only 
eleven  daj/t'  expoaure,  eitlicr  no  cohonut  coke  at  all,  or  coherent  wke  of 
quite  inferior  quality.  P'or  gas  iiurposea  also,  tho  coal  is  greatly  itijumd. 
It  i*  cvidont  tliat  these  tactn  huvc  au  iiujiortiuit  hearing  on  the  value  of 
the  analyses  given  altuve. 
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,  Kott  on  IM   TtTASti^Rnra   Ittox   Orb   Belt,    aenr   Oreeatiora,     jVorlS 

Oaraliaa. 

By  J.  P.  LesLBT. 

{Bead  before  the  ATntriain  PMloiophkal  SoeiMy.  Jant  18.  !3TI). 

I  embrace  the  oportunity  to  exhibit  tlie  atnictiire   of  tlii^   interestlag 

ore  belt,  afforded  by  a  recCDt  sarve;  of  the  lands  through  which  itrona 

toi  thirt;  miles;  lands  owned  or  leaded,  \>j  iid  aasocistion  of  f^ntlennen, 

known  as  the  North  CaroUu»  Centre  Icon   and  Jtlanufiictimng  Company 

of  Philadelphia,  of  which  Mr.  Thomas  Gr^li^m  is  PreBident. 

Tbe  photolitht^raphcd  cuts  at  my  command,  were  reduced  in  fac  sim- 
I    ile,  from  my  drriwings,  by  BJen's  pmcess,  aud  are  sufBciently  clear  tu  ex- 
Fir..  1. 


o  much  of  the  geology  of  the  country  HB  is  neccssnry   to  the  right 
iation  of  the  ores  in  queEtion.    The  chief  interest  which  tbe  oi«s 


LeBluy.] 

have  for  us,  c 
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»s  fVon  the  analyscB  given  below.  But  the  relations  which 
these  ores  benv  to  oilier  ores  of  similar  coropoeitioD,  cannot  be  under- 
slood  without  a  general  deseriplio-n  of  the  district. 

Pig.  1,  will  iufurm  those  who  are  not  ncquaioted  with  Amcricau  goo- 
giapby,  of  tlie  geographical  relationship  of  Ihe  Oroeuslioro  diatriut  to  the 
Atlantic  sea-hoard  and  to  the  Blue  Ridge  Range  of  Pi'lmar;  tnountuns. 

The  two  Triassic  belts  containing  coal  appear  on  IIiIb  map  ;  the  enEteTn 
including  theHiohmond  Coal  Baein  and  tliat  of  Deep  River:  the  western 
that  of  Dan  River,  prolonged  northward  across  the  James  River  below 
Lynchburg,  and  originally  iMinnected  with  the  continuous  oul-spread  of 
the  Trias  in  Maryland,  Pennsytvauia,  Kew  Jersey,  and  the  ConuectJcut 
Valley. 

Fig.  3  gives,  on  a  larger  iicftle.  tlie  positi 
and  Roclciugham  Counties,  N.  C,  and  thu 
ruDiiiiig,  or  under  survey,  fmm  Groeiisbon 


^  of  the  ore-helt  in  GunfoKl 
adlatiun  of   railways,  already 


141 


Fig.  3  IB  a  Bpecial  map  of  the  ora-bclt  wliere  It  passes  the  Tuscarora 
I'ibrgeB,  and  lins  been  must  tlioi-nughl;  tested.  Hei-e  is  the  Sergeant  shnft. 
..  Tbeacooin|>»iiyin^  seittion  will   be   of  use,    as  it   ftirnisbes   a   carcfuliy 

■neasiin.'d  cxumpto  of  tlio  nnmerou.s  bill  slopes  which  compuso  tlio  euiracc 

of  the  couDlrf. 


Pigs.  4  and  S  continue  Uio  mapping  of  the  ore-belt  on  to  the  Load-wat«rs 

of  Deep  River,  to  tlie  southwent ;  and  to  the  northi>a!>t  a»  far  aa  tlie  n.iw 

Rlver,    The  f^norat  straightuosa  of  the  outcrop  for  la  miles,  aud  more,  is 

reniarkubte.     The  whole  length  surveyed  was  ubout  30  miles. 

This  part  of  North  Cnrotina  is  occupied  by  some  of  tho  oldest  rocks 

,   known  ;  the  Batna  rooks  which  hold  the  iron   ore-beds  of  Harford  Co., 

.,  and  Chester  Co.,  I'll.,  and  the  gold  ores  of  Georgia,  North  Carolina, 

('VitKinia,  iuid  Canada.    Tho^old  mines  of  Guilford  Co.,  If.  C,  are  opened 

KlJonnside  of,  ajid  not  more  UiMi  teti  or  twelve  miles  distant  from,  the 

fVtucaran  iron  oro-b«1t.    See  figure  3  above.    Roth  the  gold  and  iron 

intinuoosly    with   the   exoeption  of  one  broiik,  in  New  Jersey, 

I    QoebeCi    in    Canaia,   to  Mou.tgamery,    in    Alabama.       The  gold 

id  bOD-bearin;{  rooks  are :  granilea,  gneiaaold  siindstones,  and  mica  slates, 

b>U  very  much  weathered  and  ducomposed  ;  aud  that  to  a  depth  of  many 
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fathoms  beoeatli  tlie  present  surftice.  The  solid  granites  are  decomposed 
least :  the  mica  idlitoainust.  AllcoDtiLin  iron,  wbicli  lias  been  p-roxidised 
and  Ljidi'»ted,  iu  the  process  of  decomposition  of  tlie  whole  formation, 
and  dyes  the  country  hchI  with  a  deep  red  tint.  Or,  more  properly 
speakiog,  the  surface' of  the  whole  coimtry  is  streaked  with  bells  of  red 
and  gray  eail,  following  the  outcrops  of  the  more  weathered  and  the  leas 
weathered  beds.  But,  even  in  the  gray  belts,  the  solid  grauite,  or  giieits, 
or  sand-rock,  seldom  appears  at  the  surfiioe,  although  outcrops  of  them 
can  here  and  tliero  be  found ;  and  a  number  of  these  outcrops  are  desig- 
nated upon  the  map,  close  to,  and  oh  eacli  side  of,  the  Tnscarora  ore-belt 
oiitorop.  The  surfxice  of  the  country,  therefore,  Is  a  smooth,  soft,  undu- 
kting  plain,  broken  by  gentle  vales,  ihe  bottoms  of  which  are  never  more 
thnn  one  hundred  feet  below  the  plain,  aud  couiinouly  not  more  than  hair 
lh:it  depth.  The  rotwis  show  bow  readily  the  rock  soil  absorbs  water  and 
dries  oif  again.  The  soft,  mouldered  condition  of  all  the  rook  strata,  to 
depths  of  50  or  100  feet,  is  thei-efore  easily  understood.  But  the  rapidity 
with  wliieh  the  erosion  of  the  land  goes  on  issurpiiaing.  An  old  bridge, 
built  a  century  ugo,  over  a  sti'eam  near  the  Quaker  Sleeting  House,  nud 
of  course  several  feet  above  the  water,  is  uow  buried  to  a  depth  of  6  feet 
beneath  the  snrfuce  of  its  little  meadow. 

Two  general  results  follow  ftoiu  this  universal  auoieiit  rainwater  decom- 
position of  the  surface  of  the  country,  tothedepthof  the  deep  valley  drain- 
age plane ; — 

1.  All  sulphur,  &c.,  has  been  wushcd  ont  of  the  ore- bods,  leaving  tile 
ore  remarkably  pure.  Whether  tJie  oro-beds,  wlieu  followed  down  for 
hundreds  of  feet  or  yards  into  the  earth,  will  be  found  to  keep  n  notablv 
percentage  of  sulphur,  cannot  now  be  known,  iiut,  whatever  sulphnr 
was  originally  combined  with  the  iron,  has  been  removed  from  the  upper 
parts  of  the  Ijeds. 

3.  The  decomposition  of  the  rovk  strata,  which  inclose  tbo  ore-beds, 
has  weakened  them  bo  that  extra  cai'e  must  be  bestowed  ujion  all  sli&fts 
and  tunnels  sunk  or  driven  to  win  the  ore,  to  keep  them  sufe  for  mining 
Dpctations.  When  the  more  solid  strata,  at  various  depths  beneath  th« 
surface,  are  reached,  njtning  opcrntiuus  will  be  as  simple  and  sufe  aa  in 
any  other  regiou. 

The  bills  being  nevermore  llian  about  one  hundittd  feet  above  the  vallej"- 
bottuma,  the  ore-beds  van  be  iiiiucHl  by  huiixoutal  selr-drnining  aditfl^  or 
tunnels,  only  at  well  aeleoled  points,  But,  seeing  that  tlie  ore-bedtt  ran 
in  straight  bnes  for  long  distances,  a  large  quiuiUty  of  oru  con  bo  thtia 
taken  ont,  for  some  yean  to  cuiue. 

The  belt  of  outcrop  of  orc-bcorini;  rodts  has  a  uniform  bt^adlh  of  sev. 
ei-al  liuudre>l  yards,  and,  1  lwliisv«,  a  uniform  dip  titwanU  the  northwest, 
or  nortb-noi'thwcst ;  although  there  are  appearances  (to  be  statod  iu  de- 
tail hereafter)  which  would  lead  tlie  casual  spectator  to  conclude  that  Ibe 
outcrcp  was  double,  ami  not  single ;  that  is,  that  tbu  belt  is  synclinal,  the 
ore-beds  dcFConding  fnim  the  BuuUieost  side,  downwards,  north  west  wani 
I  certain  depth,  anil  then  rising  iigain  to  ilie  surface.     But  the  geiierar 
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considerations  against IhU  view  areao  strong,  tliat  I  reject  ilvithout  much 
lieslt»tton  ;  and  I  give  my  reasons  Turtlier  on. 

The  map,  liowever,  shows  another  ore  belt  riinnins  nearly  p.irallel  with 
tl>«  Tuscarora  Forge  Outcrop,  and  at  a  distance  of  throe  miles  Troin  it. 
called  the  HiKhtleld,  or  Shaw  Outcrop.     Beyond  the  Haw  River 
tliMe  two  Ixilts  approach  each  other,  and  nre  bi^lioved  to  unite  in  Rocking- 
CoHiitj.    TliiH.  and  other  coniiidertitions,  niabe  it  almost  certain  tlint 
Shaw  belt  is  the  Northwest  aut<<rop  of  a  synclinal  basin,  three  miles 
and  that  the  Tuacarora  Belt  in  the  SouthoList  ontorop.     If  ao,  the 
ura  ore  beds  descend,  with  a  N.AV.  dip,  to  a  depth  of  a  mite  beneath 
■tuce,  and  then  lUo  affun  as  the  ore  beds  at  Iligiitield  and  Shaw's  ; 


I  3dany  of  the  outcropping  ore- beds  are,  to  all  appearance,  vertical ;  others 
P  irrogularlj,  some  southeast,  others  northwest ;  some  steeply,  others 
Wtlf-  But  all  these  are  extremely  local  variations,  conliued  to  a  few 
'  It  or  yards  of  depth,  and  will  not  invalidate  the  general  uuit'ormity  of 
irthtreBt  dip  of  the  whole  Tusoarora  Belt,  and  southeast  dip  of  the 
lolo  Rhnw  Belt. 

le  following  section  of  l>eds on  (fig.  7)  the  Widow  MoCnisten  plautatiuo 
— IS  miles),  in  a  trench  cut  at  right  angles  to  the  outcrop,  50  feet  long, 
■  4  to  8  feet  deep,  will  illuatrato  tiieso  irrogitlarities  : — 


[SiuitUr  irregularities  are  noticeable  everywhere.    The  miners  say  that 

e  pi(«li  of  the  outcrop  of  the  ore-bed  worked  in  the  Si-rgennt  Tunnel  and 

It  (fl)  wtis  southeast  for  some  distfince  down,  after  which  it  took  its 

pjlar  northwest  dip,  such  as  it  now  has  in  the  Uiaft  and  tuuucl  at  a 

Jl.  p.  ».— vol.  sir— s 


depth  of  ]0O  fcot.  Ueaides  wliicli,  there  aie  in  fact  two  beds  cut  iu  this 
uliivft-tuiiiiet,  the  smaller  lied  un<lcrlyui(;  the  otSier,  and  uritb  a  dip  wbiak 
would  ciury  the  two  boda  tuKetUet  M,  fltiiae  diatnuce  beiieatb  tbe  Hoar. 


These  on- beds  are  not  oi'e-veiua  ;  for  tlicjr  do  not  cut  through  the  rockR 
crossniM.  They  huve  no  well  defined  whIIb  ;  tlicy  hitve  no  selvn^oB  ;  lU«r« 
is  no  gaiiguerock  diHerent  from  the  rocks  on  each  Hide ;  tbcy  have,  there- 
fore, not  been  formed  iu  crevices  aubBequently  iu  a  later  age  after  the 
uptiltiiig  of  the  formation  ;  tbej  liave  neither  been  ejected  TolcanicoUy^ 
Irom  below,  nor  iiiBltraled  oqucou&ly  from  above,  nor  secreted  chemiddly 
from  the  wall  rocks;  in  a  word  tbey  are  not  at  all  "veins."  On  tbe  con- 
trary they  are  "beds;"  beds  deposited,  like  the  rest  of  tbe  locks,  iu  water; 
deposited  in  the  same  age  with  tlie  rocks  which  hold  them  ;  are  iu  fLtct 
rock-deposites  highly  chained  with  iron  ;  and  they  differ  from  the  rest  of 
the  rocks  of  the  formation  in  no  respect,  excepting  this:  that  they  are 
more  highii/  ehiirg«ii  wttK  iron.  I  can  best  represent  the  t^cts  of  the  com 
by  au  ideal  diagram  of  the  rooks  of  the  oro^belt  in  tbeir  original  hurixoiital 
position,  somewhat  thus: 

Fio.  9. 


mnry  .  magnetic  and  other) 


beds  obey  this  law. 


e  mercl;  cci-tain  atmta  consisting  more  or  less  completely  of  per- 

f    iroD,  wiCli   more   or    loss    intermixture   of   mud    iLud    sand, 

I,  when  cry Bializcd,  Tell  into  the  sliajie  of  Teldspur,  hornblende,  mica, 

To  kliow  that  this  is  not  mere  theory,  bnt  actual  fact,  I  compares  here 
I  tta  «e«t)ot]  of  magnetic  iron-ore  beds    worked  out  OJi  Durliam   Creek, 

r  E;ksUm.  Pennsylvania,  a  map  and  sections  of  which  can  be  seen 
F%f  narorence  to   W,   Brook's  part  of   the    Now  Jersey  Geological   Re- 

,  by  Prof.  Cook,  1868,  page  333,  and  given  in  Fig.  10. 
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It  follows  then  from  ttie  above  mentioned  facts ; 
I.  TbM  Iht  Ifumbtr  of  Ort  bedt  in  such  a  formation  cannot  bo 
dated.  A  large  number  of  rock  strata  will  become  oro-bed«  locally.  But 
there  will  always  be  a  particular  part  of  the  formation  more  generally 
asd  exlcnsively  aliargcd  with  great  quantitiea  (or  a  high  pt^rccutage)  of 
iruD  tban  tlio  rest.  In  other  woi-ds,  the  iron  of  the  formation  as  a  whole 
if  concentrate  along  one  or  more  lines.  This  is  evidently  the  case  with 
tile  Tnscarora  Ore  Belt,  as  is  shown  by  the  almost  perfect  straightness  of 
Itm  ODtcrop  of  the  Sergeant  Shaft  ore-t>ed,  where  its  outcrop  has  been 
d  for  half  a  mile  northeast  of  the  shaft.  There  are  two  principal 
sopping  out  on  the  Teiiguo  plantation,  at  the  (southwest  end  of  the 
If  both  vertical,  and  about  300  yaids  aauuder,  thus :  Fig.  11. 

rio.  11. 
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ttindtanoo  oeours  on  the  Tmebloofl  plantation  (13  milesj,  whore 
ibe  two  OTB-bcHla  ap|>ear  to  be  only  about  300  yutda  apart  at  thair  outcrops, 
n  todip  dillijrent  ways,  wliich  I  explain  by  reference  to  the  false 
"  p  of  the  Sergeant  Shaft  bed.    The  Trueblood  section  is  as 


fftftn  d^  rfu-  cA>«><  aw*.  iJ^ff^f  f-tt^^JnttUnl  fCaJibM. 


Suit  I  ini*  a  )W  yar^ 


But  nowhere  do  the  number  nnd  irregularity  of  the  ore-beds  show 
more  plainly  ttinn  in  the  openinfrs  mule  on  tliu  Bbaw  range,  and  Bhaw 
plantation,  as  will  hcseenbjtho  plans  and  sections  of  the  old  revolution arr 
d'tCSi^K^  ^°^  ^^  ^^^  sLaftE  And  trial  tronchee  opeued  on  that  property,  its 
given  in  Fig.  13.  etc.,  furtlier  on. 

On  thin  Sbaw  Plantation,  trhere  three  or  four  distinct  and  paralld  (>«(]» 
have  been  opened,  an  seen  in  the  pieceding  cbai-t  &nd  diagrams,  the  di- 
rectioQ  of  the  bed  changes  BoniewLat,  being  N.8(P  to  35°  E.,  at  the  "UUl 
Itevolutionnry  Pits,"  and  more  nearly  ciwterly  at  the  openings  recently 
made  by  tlie  Company.  The  wliolo  oouroo  tesMd  amouiita  to  over  hidf 
a  mile.  The  boda  nt  tlio  outcrops  vary  in  thickooM  fVom  one  to  six  feet. 
At  c"  the  ore-bed  in  TuU  Q  feet  across  solid  ore — »  very  green,  obloritie^ 
mica-slate  rock-ore.  In  Ibis  run  of  600  yards,  there  are,  appartntli/, 
lieo   hundred  thout.iiul  lont  ahore  teaffr-ltret,  in   the  one  six  foot  bod. 


The  ore  Is  good.  Tho  ontcrop  runs  slong  tlie  top  of  »  hill,  about  one 
buBdnd  feet  above  the  bottom  of  tli«  Haw  Biver  Valler,  aud  can  be 
tnnnelled  iota  at  that  deptli.    There   are  apparent  Tftriations   m  the 


^•~At^  iLm  .  U>  K— .  I^k.  jot  ^  .:£!* 


I 


of  the  outorops  seeming  to  be  vertical,  whereas  the  principal 

!Of  the  rninio^  has  already  shown  a  distinct  dip  towards  the  sont.li- 

'  south,     ill  pit/of  tile  diart,  the  dip  kccius  to  W  scarcely  W-: 
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The  distribution  of  pieces  of  ove  over  vrido  sections  of  the  oatcrop  t 
tlio  ore-belt,  is  a  notable  thing.  Along  cerlRiii  nnrrow  lines  inddsj 
the  belt,  are  to  be  seen  multitudes  nf  rntgmeiite  l;ing  on  the  groandi 
wbicli  hiive  been  left  lieliinil  when  tlie  rest  of  Iho  rock  hns  been  moulds 
ered  and  washed  away.  And  sonictiineH  tlicfc  frngnients  ore  a  foot  « 
more  in  diameter,  iiltbongh  mninioiily  mialler.  Foimerly,  tlic  ground 
nas  ahundantlj  covered  vitb  t.tiera,  bnt  the;  were  tbe  first  ore  soiigfafe 
and  used,  ftnd  most  of  the  lar^e  jiieces  and  patches  bnve  disai>peftrod  do* 
ring  tlie  war  yours  of  1601,  '3,  '3  and  '4- 

Litrjje  pieces  r>n  the  surface  sre  the  best  evidnnce  we  can  possess  ( 
case  of  ttncxplored  ground]  tliut  the  heds  nre  of  a  good  sixe,  for  th«f . 
have  come  IVom  tliose  parttons  of  tlie  beds  <n,  b,  c,  &o.,  in  the  Mscoaipl^ 
nyingdiagriini,  (flg.lGt,  which  havel>eeu  destroyed  in  the  geuerallowering 
of  the  Mirfaee  of  the  country.  There  is  no  reiuon  why  Ihir  parts  of  the, 
beds  left  under-  the  pi'eseDt  surface  (A',  h',  c',  &c.),  shonld  not  yiehl  nr 
large  masses  as  the  parts  a.  b,  c>  which  htive  been  moidclei-ed  away. 

3.  Tht  Sue  af  thi  Ore  BtAn  varies  a«  much  as  their  number.  They  cai^ 
sist  of  strings  of  lens-Hhajiod  rn  ttssos,  continually  eiilai'giiig  and  contntcb 
ing  in  thicknets,  from  n  f«w  inuhes  to  six  and  eight  feet.  The  principi 
bods  mnjF  be  nafely  estimated  on  an  average  of  four  feet,  or  1  Tfl.OOO  ton 
to  the  mile,  with  nn  averajje  brcLisling  of  00  feet  above  water  leTul. 
needless  to  any  that  an  equal  nmount  would  exist  beneath  wnter-TeveI» 
for  evury  sixty  feet  sunk  on  the  bed. 

8.  The  Qimliti/  of  Ute  0«.— It  belongs  tii  the  family  of  the  Pvimary  Ore*, 
It  Is   very  siinllnr  to  the   Neve   Jeritey  oi««   which    are   so  extecisively 
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mined  for  the  fiimacea  on  tho  Lvhigh  river.  It  is  a  mistnre  ofinniputii: 
crystals,  and  epeciilar  plutee  of  setiqDioxjdQ  of  iron,  with  qu»rt2,  feldspitr 
■nd  micik,  in  a  thousuDd  varyiDj;  proporlioas.  Bometimcs  the  bed  will  be 
^  Fio.  i.n. 


llpoMd  of  lienvf,  tight,  inassivL'  iniLgnotit«  (or  titaniferous  nmgnotito), 
li  very  iiltlo  quarte,  &c.     At  other  times  tlie  lied  will  be  cumt>oseit  of 
!,  half'dccompOKed  mica  slate,  or  gtieias  rock,  full  irf  scattered  crys- 
k  of  mugnetic  iron. 

ill  fiwt,  »  dooomposible  grieiss  rock,  with  a  raryiuft  per  oent- 

■  of  litAtiiferoua  mngnetio  und  stwc-ular  inm  ore,  sometimes  foi'ininjr 

he  mass,  and  Rometimes  constituting  almost  the  wliole  of  it. 

It  eampimt  rarietim  will  yield  between  GO  and  60  per  ceiit.  of  pure 

I,  as  ill  the  case  of  the  ora  now  being  mined  in  the  Sergeant  Shaft, 

IT  thu  ForgM.    Sir.  FraKor'e  analysis  of  this  ore  is  as  follows  : 

JHagnatic  oniric 73.58 [Iron 53.27  p.  c] 

f  itanic  acid 18-^8 [Titanium 0.03  p.  c] 

teHldaum  of  quartz,  Ac 13.88 — with  a  tracoorsulphur. 

iTbe  sperinien  was  obtained  from  the  tunnel,  a  hundred  feet  bcneatb 
\  (urface,  and  shows  an  intimate  mixture  of  crystalline  titanic  ore, 
(oe^aD  mica,  a  little  bornbleiido,  a  little  labradoritc,  and  a  tittle  apec- 

ThlB  kind  is  difficiilt  to  smelt  in  the  htgh-sUick  blast-furnace  ;  but 
IS  tlie  best  iron  in  the  world  wheti  smelted  in  the  Catalan  forge  ;  and 
|f  great  value  foi'  the  lining  of  puddling  furnaces.  It  serves  tito  same 
o  KB  the  Luke  Superior  ore,  which  is  brought  in  large  qnautiticsto 
jtaburgh,  and  the  surrounding  district  of  Eastern  Ohio  and  WcHtern 
oeylvtinia,  for  lining  puddling  fum.ioeB.  and  to  mix  with  poorer  orea 
Bib  lilut-furnaces.  Formerly,  in  the  E.  Ohio  Mahoning  district,  the 
^tar»  waa :  one-fourth  Lake  Superior,  ona-half  coal  measure  ore,  and 
fliarth  mill  cinders.  Since  the  oi^aniEatiou  of  the  Lake  Superior 
\  Ure  Trade,  sufficient  quantities  oonie  forward  to  enable  the  iron 
)  roixone-half  Lake  Superior.  TlieSharon  Furnace  on  the  Beaver 
.«  wholly  uiiou  Block  Coal  OiUd  Lake  Superior  Ure.  The  titan- 
magnetic  ores  of  the  Ottawa  r«gion,  in  Canada,  are  also  brought 
a  long  and  expensive  route  to  Pittsburgh,  to  mix  with  Pennsylvaniii, 
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ores.    These  Canada  oresai'e  or  the  H!ime  ji^eolo^oal  age,  nad  of  tlie  au 
mincTal  cliarHctBr,  as  llie  Tiiscarora  ores  under  conaideration. 

Trial  of  ths  ore  bas  lieon  made  by  Mr.  Nathan  Itowland,  at  bis  works 
in  Kensington,  Philodelpliia.  Five  tons  wore  forwaiiled  for  trial  as  lining 
to  puddhug  furnaces.  Mr.  Rowland  ezpresH^d  his  opinion  that  it  stood, 
up  three  times  as  long  as  tlie  Champlain  ore,  which  he  nies  for  tliat  pur- 
pose. The  diAureuce  is  due  to  the  superior  compactneas  of  titaniferuus 
tuagnetite  over  that  of  pure  crystalhne  magnetite. 

I  have  said  above,  tliat  the  Tuscarora  ores  are  essentially  like  tlioae  uf 
Northern  New  Jersey.  I  referred  to  tbeir  age,  situation,  consistenoy, 
and  genera]  oomposition,  But  tbey  have  a  peculiarity  ;  tbey  hoUI  a  no- 
table per  centage  of  tiCanie  iicid.  The  Kew  Jersey  ores  seldom  poaneaft 
this  property,  and,  in  any  cose,  only  in  a  low  degree,  Tlie  Canada  ore*, 
■  and  the  ores  of  South  Sweden,  bold  Ini-Re  i]uantitiea  of  titanic  aeld ;  ev«n 
as  much,  sometimes,  as  between  30  and  40  per  cent,  A.  small— a  vArj* 
minute — quantity  of  titanium  iu  pig-iron  is  believed  to  add  greatly  to 
its  value,  increasing  ito  hardness  and  UrmuesH,  and  itE  ability  to  tilaad 
wear.  The  Canadian  ores  were  introduced  to  the  Pittsburgh  iron  works 
for  this  end.  But,  seeing  tliat  almost  all  tlio  titanic  acid  in  auy  iroa  ore 
passes  off  in  the  slag,  leaving  a.  very  small  quantity  to  unite  with  the  pig 
metal  (sometimes  in  scattered  crystals),  it  follows,  that  ores,  whioh  liave 
an  excessive  quantity  of  titanio  add,  cannot  afford  a  high  per  centage  of 
pig  metal.  It  is  much  better  to  have  an  eictra  20  pnr  cent,  of  silcx  mmA 
alumina,  potash  or  lime,  in  the  ore,  than  an  exti-a  20  per  cent,  of  titanic 
acid  ;  for  these  will  make  the  ore  easy  to  ^melt,  whei-eas  tliu  titanic  aoEd 
malies  it  diOicult  to  smelt ;  reiiuiriug  a  muoii  higher  beat  in  the  stack  to 
(tecompoEO  than  does  oxide  of  iron. 

There  is  no  question  that  titaAlum  in  iron  ore  ravoi«  the  productiou 
of  iron  peculiarly  suited  to  conversion  into  steel.  The  Kngliab  steel  trnda 
has  always  largely  depended  on  Swedish  iron  ;  and  I  believe  tliat  the 
titaniferouB  ores  of  the  United  Statos  (nnd  tliry  ato  far  from  abundant,) 
will  become  annutUly  more  and  more  valuable,  on  aecoiint  ot  the  increas- 
ing demand  for  the  best  iron  for  stcpl-making  purposes.  If  these  ores  wore 
smdlfd  iu  large  quantities  in  first-clow  anthracite  furnaces,  I  do  not 
think  this  particular  value  would  a|>pear ;  the  small  Swedish  blaat  fur- 
naeo  must  \)e  used,  or  the  Catalan  forge. 

Although  the  action  of  titanium  upon  iron  in  metallurgy  is  an  obncure 
subject,  sometliing  is  known  of  it  by  actual  oxporicucc. 

J.  II.  AleKander,  of  Baltimore,  iu  his  repoii  on  the  Manufacture  of 
Iron,  gives  analyses  of  certain  cinders,  among  whicli  is  one  nlitained  ia 
the  smelting  of  a  primary  iron  fH«,  coiitiiSuing,  he  iiaya,  11  (eleven)  per 
ccnl.  titanic  acid:  the  analysis  Is  ks  follow*:— 

eilica SI,1        OMdti>f  TUanium 9.0 

Magneda 34.9       Protox.  mangoiieao 4.4 

Lime 11,1        Protoji,  Iron 1.0 

Alumina , 8.9 

1'be  ore,  he  says,  was  hard  to  smell,  and  the  pig-iron  hard  to  work,  but 
when  jiroiierly  made,  la  peculiarljr  aihtptud  lo  ilie  manufacture  of  MhL 
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TbeeiplatuitiiHilsM  folloirs:— Titnnio  acid  will  not  combine  r«t>dll7 
•ilh  cilliertho  aeld  i>r  tlm  alkaline  oxidea.  In  ovei-y  ton  of  ore  (liolding 
IO|«rceiit.  of  itj  S20  Iba,  of  tliis  neutral  Mtiff  Miala,  or  (IJ  tons  of  oro 
Ml  Ion  of  ironj  8B0  lbs.  of  it  in  every  Urn  of  iron.  If  only  1-10  of  tliis 
lorSSlbs,]  remtunB  in  the  furnace,  the  gradual  accumulation  blnolce  it 
tf.  The  only  aoUent  of  it  are  the  double  silicates  of  iron  and  lime,  or 
bwuid  alumina  and  lime,  or  iron  and  potash  and  lime,  &c.  To  make 
Ibc*  double  silicates,  ne  must  iC(4>l«  a  good  deal  of  iron.  But  the  one 
otrJKl  uf  the  blaat  furnace  is  to  late  all  the  iron,  and  llie  best  cinder  is 
Ihtt  which  has  no  iron  left  in  it,  idl  Uio  iron  of  the  burden  having  gone 
inn  into  tlie  bearth  as  pure  metal  (with  onoufh  carbon  tomake  itfuai- 
Hh.  The  (Catalan  forgn,  on  the  contrary,  wastes  iron,  And  its  cinders 
»™»  rich  in  Iron,  that  they  ai-e  often  worked  over  again  ;  hence,  tllanfa 
Kid  ia  curried  off,  and  does  not  obstruct  the  hcni'th.  Tlic  forgo  lire  is, 
Iteotore,  tlie  best  to  reduce  titaniferous  iron  ores.  But  the  blast  fur- 
wt  («Tt  smelt  them  also,  if  the  beat  be  kept  loir,  and  some  of  the  iron 
hallnwed  to  go  to  waste  in  the  cinders,  to  carry  off  the  titanic  acid  and 
Mm  mue.  The  object  tlien,  must  be  to  make  the  utmost  qnantity  of 
lU  most  fusible  cinder;  therefore,  a  blast  furnace  rnnnine  on  tit&uiferoua 
WMhuuld  not  be  fluxed  by  pure  Umefitone,  pure  clay,  orpnresand,  but 
rtl  r«rruginou8  olay,  femiginons  slate,  or  ferruginous  limestone.  These 
ibniirill  dissolve  titanic  acid  at  a  lote  heat.  To  get  gray  pig  iron,  the 
°al«ininst  be  abundant  ;togetnhite  forge  metal,  but  little  Bui  isnecd- 
witcnTniiariKon,  Ujo  ore  itself  belne  wasted  to  foim  cinder.  This  %iihiU 
^irithalargtamoKnt  of  carbon  in  it,  is  just  the  metal  from  which 
"■mui  tteel  is  ntanufaotured.  A  high  stack  and  a  small  hearth,  like  the 
otjiisn  ftimaces,  and  ferruginous  fluxes,  are  the  best  fortitaaiferousores. 
"Hmou  says  (page  475),  that  Mr.  Hendei-son  writes  him  that  the  Nor- 
''TW  oros  are  successfnlly  used  at  Norton,  England,  on  a  plan  invented 
l?  Jnbn  Player,  although  they  contain  (by  one  anluysis) 

Titanic  acid 40.05 

P»mx,  iron 38.631,,  « 

Pwto«.  iron 28.00  (  ^'■™ 

Magnesia 4.73 1 

*l"'>'i''» 3.11  ,g, 

8i[i«v 43  f ^■'" 

^Mo,:.mang SOj  ^^^ 

*««  "melted   in  small   fumacea   with   100(PF   temperature  of  blast,  2 
**"»r  ciMil  to  Si  tons  of  ore,  15  cwt.  of  limestone,  10  owt  basalt  rook. 

Tug  iruii  becomes  tilanieed,  and  is  found  to  be  exceedingly  strong, 
*^^  nwd  ia  Europe  for  armor  plates,  commanding  tliree  tiaut  the  prict 
,  "^niry  pig  iron.  The  tensile  strength  of  the  resnlting  wrought 
^"1  »lieu  puddled,  is  about  53}  tons  to  the  square  incli.  There  is  very 
''*  (Mboii  in  the  pig-metal  produced,  and  being  almost  tteel,  in  puddling 
"^^olrM  but  half  the  tims  of  ordinary  pig  metal." 
■"^'StMl  is  a  titanic  iron,  with  the  peculiarity  of  being  sufficiently 
"""tfter  b«ing  heated  red  hot  and  forged,   not  to  require  tempering, 
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but  ia  comparatively  brittle.    Its  color  i»  not  white,  but  haa  n  tinge  of 
straw  color  light  brown. 

The  Ugkler  and  Inoier  carietiet  of  tlie  Tuecarora  ores  Lavs  a  lower  |ier 
oeutage  uf  iron  iu  tliem,  but  will  work  roore  kindly  in  the  bUst-ruinaov. 
t  had  Mr.  Frazer  moke  me  an  analysis  of  a  piece  of  outcrop  ore  from  the 
HighHeld  plantation.  It  gave  :  3Iagnetic  oxide,  44.ri3  [metallic  iron. 
33.25].  These  varieties  make  equally  good  iron,  and  iron  as  well  adapt«d 
to  the  tnanufactnre  of  steel. 

The  hard  and  soft  varieties  of  ore  ocout  often  within  a  few  hundred 
yards  of  each  other  ;  as,  for  examjile,  on  the  Widow  McCriston's  planta- 
tion (14-15  miles),  where  the  soft  outurops  arn  Be>on  on  the  hill  opiiosita 
the  bouse,  and  tlio  hard  oi'e  lies  ia  large  chunks  on  the  hill,  south  of  the 
swamp.  I  append  Dr.  Gcnth's  analysUof  specimens  from  the  two  places, 
made  at  my  request : 

1.  Massive  ore  from  Mrs.  HcCristen'a  Plantation.  The  auiilysis  was 
so  unexpected  in  its  charaelcr,  th^t  Dr.  Qeulh  ^uspected  some  error,  and 
repeated  it,  but  with  the  same  result.  The  small  amount  of  titanium 
shows  the  varying  nature  of  the  deposits.  The  perceuta^uf  iron  is  also 
low  for  this  kind  of  ore  : 

Iron 33.07  p.  c. 

Titanium 1.60      [—2.03  p.  c.  titanic  acid.] 

Ratio  of  Titanium  to  Iron 1 :  21.34. 

3.  Soft  micacious  ore  Cram  the  same  loeality.  The  higli  per  oentSAe  of 
both  iron  and  titanium  in  this  ore  was  equally  unexpect«d,  and  was  very 
gratifying  ;  for  it  will  be  seen  from  Hg.  T,  on  page  IT,  that  there  ia  % 
total  breadth  of  l«n  fell  to  this  outcrop,  in  a  space  of  twenty-seven.  If 
any  of  the  beds  unite  desceudiag,  the  yield  of  ore  wUl  be  great. 

Iron 43  47  p.  c 

Tltoaiom B.7B     [=  16.00  p.  e.  of  tiUnic  acid.  ] 

Ratio  of  Titanium  to  Iron, 1 : 4.44, 

It  ia  made  known  by  the  Canadian  geologists  that  the  constituents  of 
Home  of  these  primary  ores  are  combined  in  such  a  way  as  to  approximAt« 
the  rock  to  a  dioiite,  or  grOBU-Btone  trap.  Now,  such  a  rock  is  seen  on 
several  of  the  Company's  lenses  ;  and  especially  on  the  Shaw,  and  other 
plautntions  two  miles  eoiUheast  of  it.  Soinelimos  tlie  ore-bc<l  iucif  be- 
come dioritic. 

It  will  not  he  amiss  to  add  other  analysis  of  these  Ores. 
Ore  Ajialnii;  by  F.  A.  Qenlh,  in.  1868. 

Magnetln  oxido 70.78  —iron 57.77 

TiUnioaoid 12.09 

Oxide  mnngiineee..., 0.28 

Chrome  oxide  (trace  of  Vanadium) 0.113 

Silidoaoid 0.75 

4.08 

2.04 

Ume 0.18 
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Ore  AncUyHs,  by  J,  B.  BriUon,  June  3,  1868. 

Iron  (protoxide)  iron 21.20     +  •  (peroxide) 89.40    —  60.60 

Oxygen,  with  the  iron  in  said  60.60 , 23.67 

Mixed  Sesquioxide,  magnetic,  &c 84.27 

(  Titanic  Acid 4.95 

\  Crontaining  other  insoluble  matter 3.25 

Alumina 4.81 

Lime 0.24 

Moisture 1.66 

No  phosphorus,  and  a  doubtful  trace  of  sulphur. 

'Note. — I  have  changed  the  order  and  wording  of  this  analysis,  to  suit 
the  others  for  comparison. 

Ore  Analysis  by  C,  Elton  Buck,  Wilmington^  Del,  Oct,  81,  1868. 

Magnetic  Oxide  of  iron 82.68    [—Iron  59.95] 

Titanic  Acid 8.72 

Ox.  mang 0.42.    Sesq.  ox.  chrom 0.40  0.82 

Smca 1.89 

Alumina 3.93 

Lime 0.17 

Magnesia 1.36 

AnctheVf  June,  1869. 

Magnet  ox.  iron 81.30     [—Iron  58.52] 

Titanic  Acid 12.32 

Ox.  Mang.  and  Ox.  Chromium,  and  Sulphur traces. 

SiUca 1.04 

Alumina 8.87 

Lime 0.64 

Magnesia 0.49 

No  phosphorus 

Moisture  and  loss 0.34 

Ore  Analysis,  by  A.  A,  MsquSt,  Nov,  12,  1868. 

Metallic  iron 60.41 

Titanic  acid.   ."*. 8.65 

Besq.  ox.  Chrom 0.83  )  q  g^ 

Besq.  ox.  Manganese 0.12  ) 

SiUca 1.50 

Alum 2.90 

Magnes 2.02 

Lime 0.76 

No  trace  of  Sulphur. 

A  mere  trace  of  Phosphorus. 

Analysis  made  by  pulyerizing  several  hand  specimens,  and  mixing  them 

first,  to  obtain  an  avoracre  result. 
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Ort  Analytit,  by  A.  A.   Fetqu't,  Jvlg  fl,  1869. 

Specimen  highly  magnetic,  and  almost  without  moisture. 

Metallic  iron  in  combination  with 37.30) 

Oxygen  (calculated for  peroxide) 31.64) 

Titanic  Acid ta.74 

Silica 0.52 

Alumina 4.50 

Uognes 0.54 

Lime 0.73 

BsMi.  Mang 0.00 

Trace  of  Cbromiuin. 

No  sulphur  ;  no  phosphorus. 

Oehrt  Anatynu,  by  A.  FeiqtUt,  1800. 

Scaqui.  01.  Iron . . , 10.43    [coutainiag   met.   iron   m.On] 

Silioa U.\2 

Alumina 33.21 

Water,  &c.,  &c 13.24 

In  this  ochre,  which  forms  large  beds  on  the  outcrops  of  the  more  tbT- 
rugioouB  feldepnthio  rooks,  one  bae  a  superior  tlux  for  any  heavy  biiiden 
ore,  especially  for  a,  close  tiUmiferous  ore.  The  ochre  must  become  a  fluid 
double  silicate,  without  robbing  the  oiv,  and  will  carry  otl'the  titanic  acid 
in  excess. 

One  of  the  constituent  elements  of  the  whole  lormatiun  is  Ochre,  In 
beds  of  various  sizes.  What  the  exact  (^logical  relationship  of  th«9» 
ochre  beds  to  the  magnetic  ore'1)et1s  is,  I  do  not  know.  But  the  ocbr« 
outcrops  socm  to  be  always  in  the  immediate  vicluity  of  the  oro-bod«. 
The  largest  exhibition  of  ochre  which  I  saw  is  on  tlie  J.  Somera  Plauta- 
tiun  on  Brushy  Creek.  Here  an  ochre  bed  twenty  feet  thick  rises,  nearilT 
vei-tical,  out  of  a  gully  in  a  htUside  covered  with  timall  pieces  of  fine  ooin- 

Bar-iron  Ana!y»i»,  by  A.  A.  Ftiguft,  April  4,  1870. 

"The  samples  of  iron  bars  which  you  gave  nie  to  anulyxu  have  the  fol- 
lowing composition: 

H«lallio  ii'on  [inaludos  what  iroii  is  combined  with  oxygen] 0B,88 

Insoluble  calcined  substances,  [Silica,  Ac] O.IS 

Carbon  [and  oxygvn  ?]  [by  dtOercnce] ....    . 0.47 

Also,  a  trace  of  Titanic  acid.  

100.00 

"  I  would  Judge  fi'om  the  nature  of  the  samples,  and  former  analyais^ 
that  the  proportion  0.47  per  cent,  under  head  of  Carbon,  itc,  is  loo  con< 
Biderable  to  be  formed  by  Carbon  alone,  and  com  prises,  very  likely,  oarbon 
and  oxygen.  Therefore  1  would  judge  that  part  of  the  impurities  isbom 
oxide  of  iron,  and  tlie  remainder  from  slog,  whicli  I  have  ascertained  VK- 
poiimentally.  In  other  words,  Uie  impuriLiosaro  due  to  a  highly  basic 
slag,  which  cannot  be  expelled  or  squeezed  out  by  the  hammer  and  tli» 

NoTE.~Tho  above  bars  were  rolled  (from  blooms  of  N.  Carolina  ore) 
by  Jos.  Rowland  <&  Co.,  not  cut  and  iiiliil. 
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)f  smnples  being  taken  out, 

ID  is  added  to  restaro  enough 

into  moulds, 

of  the  steel  ecrap.  Tlie  cast 


Ai>rtt  Carotina  Bloom$  made  into  Steel  by  tha  Miirtia'i  Proeett. 
la  JuBiDiry,  1871.  Mr,  A,  A.  Fesquit  assisted  at  the  conversion  of  ten 
WniotNortb  Carolina  blooms  into  steel,  at  Cooper  &•  Hewitt's  Works, 
Trenton,  N.  J. 

The  lilooms  were  some  or  the  Grst  made  at  the  Tuscarora  I^'orge  fires, 
mi)^  and  variable  in  size  and  quality,  and  weighing  from  130  lo  225  lbs. 
Ur.  Fesquet  thus  reports ; 

Tbe  Siomens- Mar  tin's  Process  consists  in  mixing  steel  scraps  with  pi); 
iran-  The  Carbon  of  the  pig  iron  reduces  the  iron  oiidized  by  the  liames; 
^pingwatch,  as  it  were,  over  it,  and  preventing  the  perpetually  forming 
'"'lie  of  iron   from   forming   a   cinder  with  the  silica  of  tbe   furnace 

The  ehuge  being  melted,  it  remains  exposed  to  the  flame  uittil,  and 
"A  Kltei'.  oil  the  carlnm  is  burned  off. 

The  exact  moment  is  known  by  a  eerie: 
^■nered  and  bent,  hot. 

If  the  samples  be  red  dhort,  Franklinit« 
°*rboa  to  rcmovo  the  oxygeu  from  tbe  irui 

After  one  or  two  stirriogn  the  metal  is  n 

The  North  Carolina  blooms  took  the  pla 
*'"')  lined  was  West  Cumberland   I, English)  pig,   nearly  free  from  sulpli 
**xl  pbuBphorns,  and  with  enough  Eilicou  and  carbon  to  fit  it  for  Besae- 

At  the  moment  of  complete  decarbu ration  a  sample  wa«  taken,  It  waa 
*'^titlj  r«d  short.  An  aunlysis  showed  that  tlio  red-sliortnesa  waa  duo 
**"  •  nluatu  proportion  of  oxide  of  iron  and  cinder,  which  had  not  been 
'*pelled  because  of  the  pasty  condition  of  the  decarhuretted  metal.  Per- 
**«taj(B  of  carbon  leas  than  1-lOOOth  part. 

Pranklinite   was   added  ;    the   metal  became  fluid,  and   was  run  into 

The  ingots  were  sound,  and  presented  largo  crystals,  of  a  clean  gray 

A.  fample  from  one  was  perfectly  malleable,  without  a  trace  of  hot  or 
*^*d  ihortness,  without  a  Ilaw,  and  homogeneous  to  all  appoaranoes.  Tbe 
■■■Re  crystals  were  condensed  under  the  hammer.  The  fi-acCure  was 
****  j"j(te<l;  and  resembled  that  of  cast  steel  of  some  degi-ee  of  coudensa- 
•■ion  hhI  liikrdness. 

Ib  *  word.  IhU  steel  was  malleable,  homogeneous  and  tough,  like  the 
"•*  ileal  produced  in  any  otlier  way. 

Tried  at  the  iitrgfi  Are  (by  the  same  workman),  it  seemed  to  bear  more 
"^t  for  welding  and  hardening  than  will  the  ordinary  steel  (with  a  cor- 
''^'Onding  proportion  of  carbon). 

"eas  carbon  is  necessary  in  the  case  of  titanium  steel  than  in  the  case 
'^'Mbiuuq  steel,  to  arrive  at  the  same  hardness. 

"  the  rolls,  this  steel  manifested  no  difficulties,  according  to  tbe  testi- 
*^y  of  Mr.  Slade  of  the  Trenton  Works. 

e\Thtvcoi>ci-ations,  U,lQ21hs.  of  mutulinall;  waste,  1^.5  i>cr cent.. 
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csceoding  somewhat  tbe  wasto  wfaon  steel  scraps  are  used ;  for  tha  cinder 
in  the  blooms  has  to  be  purged  oirinthQproce3s,aud  secondl;,  the  almost 
purely  metallic  titaniferuus  bloom  iron  is  much  harder  to  melt  than  scntp 
Ht«el ;  is  longer  exposed  therefore  to  the  dame,  and  therefore  wastes  more. 
Bf  adding  pig  metal  this  evil  will  find  a  remedj. 

The  peculiar  qualities  of  this  steel  will  no  doubt  lie  intonsiQed  when  its 
own  titaniferous  pig  metal  is  used  with  its  titaaiferous  forge  blooms. 

A  doso  of  Fntaklinite  may  yet  be  necessary.  Mr.  Fcst^uut  thinks  it 
acts  by  giving  up  carbon.  He  suggests,  however,  that  possibly  it  act« 
tlirough  manganese  ;  but  as  nearly  all  the  manganese  goes  oS  in  the  slat; , 
he  thinks  its  peculiar  use  is  to  keep  the  cinder  fluid,  and  taking  the  iron's 
plnce  in  tlie  cinder. 


Stated  Meeting,  July  21,  1871. 

Present,  three  members. 

Mr,  Cqase  in  llie  Cbair.  Secretary,  Mr.  Lesley. 

A  photograph  of  Dr.  0.  Seidenatricber  was  received  for  tlie 
Album. 

Letters  of  envoy  were  received  from  the  Senkenburg  So- 
ciety, at  Frankfort,  the  I.  Akad.  Vienna,  and  the  Society  at 
Riga. 

Letters  of  acknowSedgment  were  received  from  Dr.  Bunge, 
ofGreiswald;  Herr  Tanner,  of  Leoben ;  Dr.  Rokitansky;  the 
Zool.  Bot,  Soc.,  Vienna;  Munich  Observatory,  and  Chicago 
Academy. 

A  letter  was  road  from  Mr.  Putnam,  of  Salem,  the  consid- 
eration of  which  was  postponed. 

Donations  for  the  Library  were  received  from  the  B,  S., 
Tasmania ;  I.  A,,  Vienna ;  Z,  B.  S.,  Vienna ;  Senk.  St  Frank. 
fort ;  R.  Danish  S. ;  R.  Cora.  Geo!,,  Italy ;  Capt.  Settiinanni 
School  of  Mines,  Paris;  E.  Ast.,  B.  Geogr.  and  Chem.  SS.,  Lon- 
don ;  Nature;  San  Fernando  Observatory;  Essex  Institute ; 
Mass.  Hist.  S.,  Am.  Antiq.  S.,  Camb.  Mub.  Com.  Zool.,  J.  II. 
Trumbull,  Sill.  Jour^  Mrs.  Wiliard,  N.  Y.  Lyceum,  Frank. 
Inst.,  Acad,  N.  S.,  Coll.  Pharmacy,  Med,  News,  Dr.  Rushen- 
bcrger,  Is-oac  Lea,  Peabody  Innt.,  and  Secretary  Robeson,  of 
Waiihington. 
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The  death  of  Mr.  Eugenius  Nulty,  at  Philadelphia,  on  the 
3d  inst^  aged  about  83  years,  was  announced  by  the  Secre- 
tary. 

Mr.  Chase  communicated  a  Note  on  the  Pluvial  Indications 
of  the  Metonic  and  Sun-spot  Cycles. 

Pending  nominations  677  and  678  were  read  and  balloted 
for,  and  the  following  named  gentlemen  declared  duly  elected 
members  of  the  Society: 

Prof.  Cleveland  Abbe,  Signal  Ser.,  War  Dep't,  Washington. 

Mr.  Benj.  Chew  Tilghman,  of  Philadelphia. 

And  the  meeting  was  adjourned. 


Slated  Meeting,  May  19,*  1871 

Present  13  members. 
Vice-President,  Mr.  Fraley,  in  the  Chair. 

Letters  accepting  membership  were  received  from  Rev.  Dr. 
James  McCosh,  dated  Princeton,  N.  J.,  May  4th,  1871 ;  Prof. 
E.  B.  Andrews,  dated  Columbus,  Ohio,  May  4,  1871,  and  Dr. 
T.  A.  P.  Barnard,  dated  Columbia  College,  N.  Y.,  May  5, 1871. 

A  Photograph  for  the  Album  was  received  from  Prof. 
Boehrig,  of  Cornell  University. 

Letters  acknowledging  the  receipt  of  the  Society's  Publica- 
tions were  received  from  the  R.  Bavarian  Academy,  (27,  65  to 
67;  75,  76,  81,  82) ;  the  Society  of  P.  &  N.  H.  at  Geneva,  (XIII, 
3,  78  to  83);  the  Physical  Society  at  Berlin,  (XIII,  3  ;  81, 82,) 
the  Boston  N.  H.  S.,  (XIII,  3,  XIV,  1,  81,  82,  83,  84,  85,) 
and  the  Library  of  Congress  (XIV,  I). 


*Tbe  report  of  this  meeting  has  been  inadvertantly  misplaced. 
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Letters  of  envoy  were  received  from  the  Physical  Society 
of  Berlin,  and  Dr.  C.  Nauniann  of  Leipsig. 

A  letter  was  received  from  Mr.  W.  Barker,  Engraver  to  the 
U.  S.  Mint,  presenting  to  the  Cabinet  of  the  Society,  a  medal 
of  David  liittenhouse,  after  a  bust  in  the  possession  of  the 
Society. 

D  onations  for  the  Library  were  received  from  the  Geologi- 
cal Institute  and  Anthropological  Society  at  Vienna,  the  Physi- 
cal Society  at  Berlin,  Dr.  Naumann,  the  Bavarian  Academy, 
the  Zoological  Garden  at  Frankford,  the  Natural  History  So- 
ciety at  Geneva,  the  London  Meteorological  Office  and  Board 
of  Trade,  and  Editors  of  Nature,  the  Essex  Institute,  Boston 
Natural  History  Society,  American  Oriental  Society,  Franklin 
Institute,  Medical  News,  Wilmington  Institute,  Mr.  G.  W. 
Shafler  of  Savannah,  and  Dr.  Newberry. 

The  death  of  Sir  John  F.  W.  Herschel,  on  the  12th  inst., 
aged  79,  was  announced  by  the  Secretary. 

A  specimen  of  the  Jenny  Jump  variegated  marble  of  New 
Jersey,  was  laid  upon  the  table,  and  its  geological  character 
was  discussed  by  several  of  the  members  present. 

The  attention  of  the  members  was  called  to  llerr  Lauth^s 
recent  memoir  on  the  Gold  Mine  Map  Papyrus  of  the  age  of 
Scti  I.,  and  its  interesting  points  described  by  the  Secretary. 

New  nominations  Nos.  677  and  678  were  read. 

On  motion  of  Mr.  Chase,  the  Meteorological  Office  at  Wash- 
ington was  ordered  to  be  placed  on  the  list  of  correspondents 
to  receive  the  Proceedings. 

On  motion  of  Mr.  Lesley,  the  American  Institute  of  Civil 
Engineers  was  j)laced  on  the  list  of  correspondents  to  receive 
a  set  of  the  Proceedings. 

On  motion,  the  thanks  of  the  Society  were  tendered  to  Mr. 
Barber,  for  his  beautiful  present. 

And  the  meeting  was  adjourned. 
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EXPLANATION  OF  PLATES  L  AND   IL 


Fig.    1.  Posterior  surface  of  right  Humerus. 

**     2.  Anterior  surface  of  left  Humerus. 

'*     3.  Section  of  left  Humerus. 

**     4.  **  **  natural  size. 

**     f).  Sectionof  left  Femur. 

**     6.  Anterior  surface  of  right  Femur. 

"     7.  Posterior  surface  of  right  Femur.  The  notch  about  the  middle 
is  where  a  slice  was  removed  for  microscopic  preparations. 
Fig.    8.  Sectionof  left  Radius. 

**     9.  Posterior  surface  of  left  Radius. 

**  10.  Posterior  surface  of  right  Radius. 

"  11.  Anterior  surface  of  right  Radius. 

**   12.  Section  of  left  Ilium. 

**  13.  End  of  right  Clavicle. 

**  14.  Posterior  surface  of  right  Ulna. 

**  15.  Anterior  surface  of  right  Ulna. 

"  16.  Sectionof  left  Ulna. 

"17.  **  '*  natural  size. 

**  18.  Posterior  surface  of  right  Fibula. 

**  19.  Posterior  surface  of  left  Tibia.. 

**  20.  Anterior  surface  of  right  Tibia. 

"  21.  Section  of  Phalanx  natural  size. 

"  22.  Section  of  healthy  Phalanx  natural  size  inserted  for  com- 
parison. 
Fig.  23.  Vertebral  end  of  spine  of  left  Scapula. 

'*  24.  Anterior  surface  of  carpal  end  of  right  Radius  enlarged. 
N.  B.  All  the  drawings  except  where  noted  are  on  a  scale  of  i  the 
natural  size. 
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NOTE.— -As  inquiries  have  been  received  respecting  Plates  Nob.  1,  6, 
7  and  8,  of  Vol.  XI,,  Proceedings  of  the  American  Philosophical  Society, 
Correspondents  and  members  of  the  Society  are  hereby  informed,  that  the 
plates  of  that  Volume  were  irregulai'ly  numbered,  and  that  no  plates  cor- 
responding to  the  above  mentioned  numbers  were  printed. 
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Stated  Meeting  J  Aug.  18th,  1871. 

Present,  two  members. 

Secretary,  Mr.  Trego,  in  the  chair. 

Photr>graphs  were  received  from  Prof.  Max  Miiller,  of  Ox- 
ford, England,  and  from  M.  Stanislaus  Jalien,  Membre  de 
1'  Institut,  Paris. 

A  letter  accepting  membersliip  was  received  from  Prof. 
Cleveland  Abbe,  dated  Washington,  D.  C,  July  24,  1871. 

Letters  of  acknowledgment  were  received  from  the  New 
York  City  University  (86). 

Donations  for  the  library  were  received  from  the  Hungarian 
Academy  ;  Herr  K.  Magey ;  the  Society  at  Moscow  ;  the  Rus- 
sian Academy ;  Prussian  Academy ;  Geological  Society  and 
Botanical  Society  of  Berlin ;  the  Societies  at  Gottingen  and 
Bremen ;  the  Geographical  Society  at  Paris ;  the  London  As- 
tronomical Society  and  Meteorological  Bureau ;  Editors  of 
Nature,  Cornwell  Polytechnical  Society;  Peabody  Museum; 
Essex  Institute;  Medical  News  ;  and  U.  S.  Department  of  En- 
gineers at  Washington. 

The  death  of  Mr.  Sidney  G.  Fisher,  a  member  of  the  Society, 
at  his  residence  near  Rising  Sun,  Philadelphia,  July  25th, 
1871,  in  the  63d  year  of  his  age.  was  announced. 

Mr.  Chase  presented  some  tables  of  daily  Rainfalls  at  the 
Observatorio  do  Infante  Don  Luiz,  Lisbon,  from  1855  to  1870, 
with  some  comparisons,  indicating  an  opposition  between  the 
lunar  daily  rains  at  Lisbon  and  Philadelphia,  similar  to  the 
one  he  had  pointed  out  as  existing  between  the  solar  daily 
rains  at  the  same  stations. 

And  the  meeting  was  adjourned. 


Stated  Meeting  Sept.  15th,  1871. 

Present,  two  members. 

Vice-President,  Mr.  Fralev,  in  the  chair. 

A  letter  accepting  membership  was  received  from  Mr.  B.  C, 
TiJghman,  dated  Philadelphia,  Aug  1871. 

Photographs  for  the  Album  were  received  from  Prof.  Geo. 
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II.  Cook  and  Col.  M.  J.  Cohen,  the  latter  sending  a  carte  de 
visite  of  the  late  Dr.  Joseph  I.  Cohen,  of  Baltimore, 

Letters  of  envoi  were  received  from  the  Central  Observa- 
tory of  Eussia,  and  the  office  of  the  Chief  of  the  U.  S.  Engi- 
neers at  Washington. 

Letters  acknowledging  the  receipt  of  Publications  of  the 
Society  were  received  from  the  Eussian  Central  Observatory  ; 
the  Leeds  P.  &  L.  Society,  August  24  (xiv.  i.  83, 84,  85,) ;  the 
Society  of  Antiquaries,  London,.  August  26  (xiv.  i.  83,  85); 
the  ^Society  of  Arts  at  Batavia,  May  31,  1869  (xiii.  2,  Proc. 
July,  1865) ;  the  Eadclifte  Observatory,  August  10th,  (83,  84, 
85);  the  Geological  Committee  of  Italy,  at  Florence,  August 
12  (Proc.  vol.  xi.  2);  the  Glasgow  Philosophical  Society, 
August  10th  (83,  84,  So) :  the  Eegents  of  the  New  York  Uni- 
versity, August  7  (Proc.  vol.  x,  xi);  the  Boston  Public  Li- 
brary, August  23  (86) ;  Ehode  Island  Society  for  the  encour- 
agement of  Domestic  Industry  (86);  Georgia  Historical 
Society,  Savannah,  August  24  (86);  Wisconsin  Historical 
Society,  Madison,  August  25  (86)  ;  New  York  Historical 
Society,  New  York,  September  1  (86) ;  New  Jersey  Historical 
Society,  Newark,  Sept.  1  (86);  Essex  Institute,  Salem, 
Mass.,  Sept.  2,  1871  (86). 

Donations  for  the  Library  were  received  from  the  Acade- 
mies at  St.  I^etersburg,  Berlin  and  Bruxellos ;  the  Societies  at 
Batavia  and  Eiga;  Ilerr  Von  Frauenfield,  of  Vienna;  the 
Geological  Committee  of  Italy;  Geographical  Society  in  Paris  ; 
Zoological  Society  and  Society  of  Antiquarians  in  London ; 
London  Nature ;  the  Essex  Institute ;  Boston  Natural  History 
Society  ;  E.  I.  Society  for  the  Encouragement  of  Domestic 
Industry,  at  Providence;  the  American  Journal  of  Science ; 
Mr.  J.  11.  Trumbull;  the  American  Chemist;  President  Bar- 
nard of  Columbia  College;  the  Franklin  Institute;  American 
Journal  Medical  Science  ;  Journal  of  Pharmacy  ;  Penn  Month- 
ly ;  and  Dr.  Eichard  J.  Dunglison,  of  Philadelphia. 

A  communication  for  the  Proceedings  was  received,  entitled 
"On  the  Formation  and  Primitive  Structure  of  the  Solar  Svs- 
tem,"  by  Professor  Daniel  Kirkw<K)d,  of  Bloomington,  Indiana. 

And  the  meeting  was  adjourned. 
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On  the  Formation  and  Primitive  Structure  of  the  Solar  System. 

By  Professor  Daniel  Kirkwood. 
{Bead  before  the  American  Philoeophical  Society,  Oct.  6,  1871.) 

The  developmeDt  of  any  branch  of  science  is  generally  a  slow  and 
gradual  process.  The  obvious  truths  which  suggested  to  Laplace  his  cele- 
brated hypothesis  of  the  solar  system  had  been  for  ages  well  known  to 
astronomers ;  but,  as  in  the  case  of  the  earlier  geological  observations, 
they  had  been  regarded,  without  any  just  reason,  as  ultimate  facts.  So 
now  we  have  numerous  results  of  observation  in  regard  to  the  rings  of 
Saturn,  the  zone  of  asteroids,  the  relative  distances  of  the  planets,  &c., 
the  study  of  which,  it  is  believed/may  lead  to  new  and  important  discov- 
eries. ''These  hieroglyphics  older  than  the  Nile,"  pointing  back  to  the 
epochs  at  which  the  planets  were  born,  will  doubtless  in  the  future  bo 
more  or  less  clearly  deciphered,  and  the  ancient  history  of  the  solar  system 
at  least  partially  developed. 

It  is  a  very  remarkable  f«vot  in  regard  to  the  systems  of  both  primary 
and  secondary  planets  that  the  periods,  without  any  exception,  have  vei-y 
simple  relations  of  approximate  commensurability.  This  truth,  though 
obvious  on  mere  inspection,  seems  not  to  have  attracted  the  special  notice 
of  astronomers,  as  no  attempt  had  been  made,  previous  to  that  of  the 
writer,  to  assign  its  physical  cause.  A  general  view  of  these  approxima- 
tions is  presented  in  the  following  tables,  where  the  periods  of  the  primary 
planets.  Mercury,  Venus,  &c.,  are  represented  by  PS  P^S  &c.,  and  those 
of  the  satellites  by  p^  p^  ^  &c. 

I. 
The  Primary  System. 

jpViii  _Q2.37  years— P^"  — 1.65y. 
jpvii  =^8.0l     *'    — P^'^    —1.45 
|P^^    —11,78     **    — P^'      —0.08 
jpV      —  1.97      ''    — P^^'     rO.OO 
^i^P^     —0.988      "    — P"^    —0.012 
§P^"    —0.607      "     — P^'        -0.052 

JP"     —0.246      **    — P^       —0.005 

II. 
The  Jovian  System. 
?piv_piii    ^gmg    s 

ip'"  — p"         30     40 
Jp"    —p^        r  9    45 
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III. 

The  Saturniak  System. 

IpV'"  _p  V" 

+  (?) 

ip^'"-p" 

-1^ 

54^     41* 

?P                —    P 

i    0 

55        13 

IP^'     -p"' 

1 

54        15 

ip'^     -P" 

0 

3        33 

ip"'    -  P' 

-\-  0 
IV. 

1        50 

The  Urasian  System. 

IP^^-P"^      ' 

6^^ 

ip"^-  p" 

5 

!p"-p'     -1 

It  is  infinitely  improbable  that  all  these  coincidences  should  be  purely 
accidental.  Their  physical  cause  is  a  legitimate  object  of  research,  and 
the  writer  is  vain  enough  to  believe  that  he  has  suggested  the  true  one.* 
Before  proceeding  with  our  discussion,  however,  it  may  be  proper  to  in- 
dicate such  modifications  of  the  nebular  hypothesis  as  seem  to  be  de- 
manded by  recent  discoveries. 

The  view  generally  received  in  regard  to  the  formation  of  the  solar  sys- 
tem has  been  that  equatorial  rings  were  abandoned  only  in  the  vicinity 
of  the  present  planetary  orbitJ«.  As  the  writer  has  elsewhere  observed, 
however,  *Mt  seems  highly  probable  that,  after  first  reaching  the  point 
at  which  gravity  was  counterbalanced  by  the  centrifugal  force  ansing 
from  the  rotation  of  the  contracting  spheroid,  a  continuous  sucoession 
of  narrow  rings  would  be  thrown  off  in  close  proximity  to  each  other, 
and  revolving  in  dificrent  periods  according  to  Kepler's  third  law."  But 
in  this  matter  wo  are  not  left  to  mere  speculation.  The  zone  of  minor 
planets  has  evidently  not  been  produced  by  a  single  annulus,  all  the  parts 
of  which  had,  at  first,  nearly  equal  velocities.  On  the  contrary,  it  rouat 
have  resulted  from  an  almost  continucms  abandonment  of  narrow  rings, 
from  the  exterior  limit  at  the  mean  distance  3.50,  down  to  the  interior, 
at  2.30.  The  rings  of  Saturn,  moreover,  aftbrd  a  similar  ind^x  to  the  pro- 
cess of  planetary  formation. 

Let  us  assume,  then,  the  existence  of  a  ccntnil  mass  S,  with  a  ring  R, 
and  an  exterior  planet  P.  The  particles  of  the  ring  having  different  dis- 
tances from  the  centre  of  motion  will  move  with  difierent  velocities.     Let 
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S  p  be  the  distance  at  which  a  planetary  molecule  would  revolve  in  one 
half  the  period  of  the  planet  P.     The  disturbing  eflfoct  of  P  will  render 
the  orbit  of  p  more  and  more  eccentric.     The  particle,  therefore,  must  be 
brought  into  contact,  either  in  aphelion  or  perihelion,  with  other  parts  of 
the  ring,  thus  forming  a  planetary  nucleus  at  such  distance  that  its  period 
would  be  nearly  one-half  that  of  the  exterior  planet.    Similar  reasoning 
will  apply  to  the  distances  at  which  the  ratio  of  the  periods  would  be  ^, 
{,  or  any  simple  relation  of  commcnsurability.    We  have  thus  an  ex- 
tremely simple  explanation  of  the  facts  embodied  in  the  preceding  tables. 
Should  it  be  objected  that  this  theory  fails  to  account  for  the  formation 
of  the  most  remote  planet,  it  may  be  answered  that  the  first  separation  of 
matter  from  the  condensing  nebula  probably  occurred  before  the  mass 
had  amumed  a  symmetrical  form.     The  successive  ratios  of  the  periods 
from  Neptune  to  Jupiter  are  ^,  ^  and  ^.     With  Jupiter,  '*  the  giant  of  the 
aolar  system,"  the  process  of  planet  formation  seems  to  have  culminated  ; 
the  mass  of  this  stupendous  globe   being  nearly  three  times  greater  than 
that  of  all  other  members  of  the  solar  family  united.     But  why  have  we 
no  planet  of  any  considerable  magnitude  whose  period  is  one-half,  one- 
third,  or  two-fifths  that  of  Jupiter  ?    It  may  be  answered,   in  the  first 
place,  that  the  matter  of  asteroid  ring  was  so  extremely  rare  that  the  in- 
tersection of  orbits  failed  to  produce  large  planetary  nuclei.       The  ques- 
tioa    recurs,  however,   whence  the  small  mass  of  the  ring  immediately 
interior  to  the  largest  member  of  the  system  ?    The  circumstances  of  the 
primitive  asteroid-ring  were  different  from  those  of  any  other.      As  its 
socoessive  portions  were  thrown  off  at  the  equator  of  the  solar  nebula 
they  would  be  liable  to  great  perturbations  by  Jupiter.     The  perihelion 
distance  of  portions  of  the  zone  might  thus  become  less  than  the  equato- 
rial radius  of  the  spheroid  by  which  they  had  been  abandoned.    A  consid- 
erable proportion  of  the  matter  originally  separated  may  have  been  thus 
le-united  to  the  parent  mass.* 

The  writer  has  shown  however,  that  in  the  distribution  of  tlie  mean  dis- 

ta&ees  of  the  asteroids,  we  have  indications  of  an  order  similar  to  that 

ef  the  exterior  planets.     This  fact  is  rendered  still  more  conspicuous 

by  lecent  discoveries.     The  distances  at  which  the  periods  of  asteroids 

would  be  one-half,  two-fifths,  and  one-third  that  of  Jupiter,  are  respec- 

tif«ly,  8.2T76,   2.8245,   and  2.5012.     Between  the  mean  distances  3.22 

md  8.82  no  asteroid  has  yet  been  discovered;  while  between  3.12  and 

S.23  there  are  no  less  than  12.     Between  2.78  and  2.88,  the  interval  con- 

^^uuDg  the  distance  at  which  five  times  the  period  of  a  planet  would  be 

•qotl  to  twice  that  of  Jupiter,  only  two  have  been  detected  ;  while  in  the 

•qnal  space  immediately  interior,  from  2.68  to  2.78,  there  are  21.    Finally, 

Iwtweeii  2.45  and  2.55,  the  space  in  the  middle  of  which  an  asteroid's 

P^od  would  be  one-third  that  of  Jupiter,  the  number  of  known  asteroids 

i»  4 ;  while  in  the  equal  space  immediately  interior  there  are  20,  and  in 

™t  exterior,  15.     These  facts  are  certainly  very  remarkable,  and  deserve 

^  ^ttsest  consideration  of  astronomers. 

•Swproc.  Am.  Phil.  8oc,.  Aug.  VJ,  l?<7o. 
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The  preceding  table  of  the  primary  system  seems  to  indicate  the  de- 
pendence of  the  periods  of  Mars  and  the  earth  on  the  powerful  mass  of 
Jupiter.  The  relations  expressed  between  the  periods  of  the  earth,  Yenus, 
and  Mercury  are  sufficiently  obvious.  It  is  worthy  of  remark  that  the 
original  distances  of  the  exterior  planets  have  been,  in  all  probability, 
sensibly  diminished.  While  the  solar  nebula  was  undergoing  the  prooess 
of  condensation  all  cometary  and  meteoric  matter  attracted  towards  its 
centre,  would,  if  the  perihelion  distance  were  considerably  less  than  tlie 
radius  of  the  nebula,  become  incorporated  with  the  central  body.  This 
growth  of  the  solar  mass  would  produce  a  shortening  of  the  periodic  times 
of  all  planets  previously  formed. 

The  approximations  to  commensurability  in  the  secondary  systems  are 
still  more  striking,  and  must  produce  the  impression  in  every  inquiring 
mind  that  they  are  not  without  their  physical  significance. 

The  rings  of  Saturn  formerly  supposed  to  be  solid  and  continuous,  are 
now  regarded  as  consisting  of  an  indefinite  number  of  extremely  small 
satellites.  They  ave,  in  short,  a  compact  cluster  of  secondary  asteroids, 
analogous  to  the  primary  zone  between  Mars  and  Jupiter.  In  the  latter, 
it  is  tnie,  a  large  proportion  of  the  primitive  matter  has  collected  in  dis- 
tinct, planetcvry  masses ;  while  a  similar  result  has  been  prevented  in  the 
Saturnian  rings  by  their  proximity  to  the  central  body.  In  one  respect* 
however,  we  observe  a  striking  correspondence.  It  has  been  shown  that 
several  positions  occur  in  the  asteroid  zone  where  planetary  periods  would 
have  simple  relations  of  commensurability  with  the  period  of  Jupiter, 
and  that  ix>rtions  of  the  original  ring  occupying  these  positions  would  be 
liable  to  great  disturbance.  Now,  the  ring  of  Saturn  is  evidently  subject 
to  like  perturbation  by  the  nearest  satellites.  Hence  gaps  or  chasms, 
analogous  to  those  in  the  zone  of  asteroids,  ought  also  to  be  found  in  the 
secondary  ring.  It  has  accordingly  been  noticed  that  Cassini*s,  or  rather 
Bairs  division  occurs  precisely  where  the  periods  of  satellites  would  be 
commensurable  with  those  of  the  four  members  of  the  system  immediately 
exterior.* 

But  astronomers  have  sometimes  seen  the  ring  of  Saturn  apparently 
separated  by  several  black  lines  into  concentric  annuli.  At  other  times, 
however,  no  such  divisions  could  be  detected.  The  fact,  therefore,  of  the 
permanence  of  these  gaps  is  extremely  doubtful,  except  in  the  case  of  a 
division  of  the  exterior  bright  ring.  This  has  been  frequently  seen  by 
eminent  astronomers ;  and  it  is  probable,  though  not  absolutely  certain, 
that  it  is  never  entirely  closed.  Most  observera  agree  in  placing  it  out* 
side  of  the  middle  of  the  exterior  ring.  Lot  us  now  inquire  whether  any 
simple  relation  of  commensurability  obtains  between  the  periods  of  satel- 
lites revolving  at  the  distance  of  this  outermost  gap,  and  those  of  Mimas, 
KuceladuK,  Tcthys,  and  Dione. 

i  of  the  period  of  Mimas         —  12^  50"^ 
:  **  Tcthys         ^  12    57 
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i  ''  Dione  —  13      8 

i  **  Enceladus  »  13      9 

The  interior  radius  of  the  outer  ring  —  1.9963 

The  radius  of  a  circle  bisecting  the  outer  ring  <=  2.1209 

The  distance  of  a  sateUite  whose  period  is  12^  oO"^  —  2.1473 

The  distance  of  a  satellite  whose  period  is  13^^    9™  —  2.1510 

The  exterior  radius  of  the  outer  ring  >=-  2.2456 

It  is  thus  seen  that  just  beyond  the  middle  of  the  outer  ring,  where  the 
division  is  actually  found,  another  zone  occurs  in  which  the  penodic  tiroes 
of  satellites  would  be  commensurable  with  those  of  Mimas,  Enceladus, 
Tethys  and  Dione. 

The  FACTS  detailed  in  the  preceding  pages  are  unquestionable.  In  re- 
fi^ard  to  the  proposed  explanation  of  these  facts  the  writer  would  speak 
with  becoming  caution.  In  his  humble  attempt  to  reduce  a  large  class  of 
isolated  truths  to  the  domain  of  law  some  impoiliant  considerations  may 
have  been  overlooked.  Be  this  as  it  may,  ho  indulges  the  hope  that  abler 
astronomers  may  deem  the  encjuiry  not  unworthy  their  researches. 


Stated  Meeting^  Oct.  6th,,  1871. 

Present,  fifteen  members. 

Vice  President,  Mr.  Fraley,  in  the  cliair. 

A  photograph  for  the  Album  was  received  from  Professor 
E.  N.  Horsford,  dated  Cambridge,  Massachusetts,  October  29. 

Letters  of  acknowledgment  were  read  from  the  London 
Meteorological  Office,  September  22  (83,  84,  85) ;  and  the 
Buftjalo  Society  of  Natural  Sciences,  December  1,  1870 
(XI  Pro). 

Letters  of  envoi  were  received  from  the  Natural  Historv 
and  Historical  Union  of  Donauerschingen,  September  15,  and 
the  United  States  Secretary  of  the  Interior,  AVashington,  D. 
C,  September  15,  1871. 

A  recent  letter  from  Mr.  Carlier  to  Mr  Durand,  was  read 
by  Mr.  Price,  who  offered  a  Resolution,  which  was  adopted, 
authorizing  the  presiding  officer  of  the  meeting  to  execute 
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a  Power  of  Attorney  to  M.  Carlier,  of  Paris,  to  receive  moneys 
on  account  of  the  Michaux  Legacy. 

Donations  for  the  Library  were  received  from  Doctor 
Zenaro,  of  Constantinople,  the  Union  at  Donauerschingen,  the 
Prussian  and  Belgian  Academies,  Geographical  Society  at 
Paris,  Annales  des  Mines,  Revue  Politique,  the  Meteorological 
Office  and  Nature  of  London,  the  Montreal  Natural  History 
Society,  the  American  Academy,  Natural  History  Society, 
and  Old  and  New  of  Boston;  Mr.  Edmund  Quincy, 
of  Dedham,  Massachusc^tts,  the  American  Journal  of  Arts 
and  Sciences ;  Doctor  Squibb,  of  New  York,  the  Franklin 
Institute,  College  of  Pharmacy,  and  Penn  Monthly,  of  Phila- 
delphia, the  Census  Bureau  at  AVashington,and  the  Historical 
Society  of  Georgia  at  Savannah. 

An  obituary  notice  of  the  late  Doctor  Rhoads,  of  Phila- 
delphia, was  read  by  Doctor  Henry  Hartshorne. 

Professor  Kirkwood's  paper  on  the  Origin  of  the  Solar 
System,  was  I'ead  by  the  Secretary. 

A  letter  from  Professor  Coi)e  to  the  Secretary,  on  the 
Reptile  and  Fish  remains  in  the  State  Museum  of  Kansas,  was 
read  by  the  Secretary. 

Mr.  Baird  communicated  his  views  on  the  cause  of  the 
decline  of  vegetable  vitality  in  fruit  trees,  dating  from  the 
year  1860. 

Mr.  Lesley  read  a  note  on  some  supj^osed  Egyptian  letters, 
in  the  Dolmen  of  Manelud,  in  Brittany. 

New  nomination,  No.  071)  was  read,  and  the  meeting  was 
adjourned. 


Note  of  some  Cretaceous  Veriebrata  in  tJie  State  Agricultural  College  of 

Kansas^  If,  8,  A, 

By  Edwaud  D.  Cope. 

Manhattan,  Kansas,  1871. 
3Iy  dear  Puof.  Lesley  : 

A  visit  to  the  State  Agricultural  Collego  of  Kansas  at  Manhattan,  han 
enabled  mo  to  examine  the  cix'taceoiis  vertebrata  contained  in  its  collec- 
tion. ProfesHor  B.  F.  Miidge,  already  well  known  by  his  interesting  dis- 
coveries among  the  Pytlionomorph  reptiles  and  Saurodont  Fishes,  has 
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added  to  his  collections  by  an  excursion  in  the  neighborhood  of  Foii; 
Wallace,  during  the  present  summer.     By  his  permission  I  have  made  an 
examination  of  these  fossils,  and  tind  them  to  be  of  much  interest.    They 
consist  of  seven  species  of  Pythonomorphckj  and  three  of  Saurodontidce, 
The  following  are  approximate  or  exact  determinations  of  them. 

Python  omorfha. 

MoBABAUBUS  quite  near  to  M,  depressus,  Cope,  from  New  Jersey. 

LiODON  DY8PBL0R,  Copc,  probably.  The  first  time  that  this  gigantic 
reptile  has  been  discovered  in  Kansas. 

LiODOK ;  a  large  species  near  to  L,  proriger,  Cope.  It  is  represented 
by  dorsal,  lumbar,  and  caudal  vertebrae,  by  ribs,  and  by  bones  of  the 
extremities.  Tlie  humerus  is  a  remarkable  bone  having  the  outline  of 
that  of  GlidaaUs  propython,  Cope,  but  is  very  much  stouter,  the  antero- 
posterior dimensions  of  the  proximal  extremity  being  greatly  enlarged. 
The  long  diameters  of  the  two  extremities  are  in  fact  nearly  at  right 
angles,  instead  of  in  the  same  plane,  and  the  outline  of  the  proximal  is 
subtriaugular,  one  of  the  angles  being  prolonged  into  a  strong  deltoid 
crest  on  the  outer  face  of  the  bone,  which  extends  half  its  length.  The 
inner  or  jiosterior  distal  angle  is  much  produced,  while  the  distal  ex- 
tremity is  a  flat  slightly  curved  diamond-shaped  surface.  The  radius  is 
as  broad  as  long  and  three  quarters  of  a  disc.  The  phalanges  are  stout, 
thick  and  depressed,  thus  differing  much  from  those  of  Liodon  ieterieus, 
A  bone  which  I  cannot  assign  to  any  other  position  than  that  of  femur  * 
has  a  peculiar  form.  It  is  a  stout  bone  but  more  slender  than  the  humerus. 
The  sliaft  is  contracted  and  subtrilateral  in  section.  The  extremities  are 
flattened,  expanded  in  directions  transverse  to  each  other,  the  proximal 
having,  however,  a  lesser  expansion,  in  the  plane  of  the  distal  end.  The 
former  has,  threrefore,  the  fonu  of  an  equilateral  spherical  triangle,  the 
apex,  enclosing  a  lateral  fossa  and  representing  pi*obably  the  great  tro- 
chanter.   The  discal  extremity  is  a  transverse  and  convex  oval. 

M. 

Length  humerus 0.10 

Proximal  diameter  do 095 

Liength  femur 08 

Proximal  diameter  do 005 

Median  *»  035 

Length  centrum  dorsal  vertebra  without  ball 001 

Transverse  diameter  cup 00 

Vertical  "  .053 

LiODON  LATIBPINU8,  Cope,  sp.  nov. 

This  is  a  large  species,  nearly  equalling  the  X.  mitchillii  in  its  dimen« 
Bions,  that  is  forty  or  fifty  feet  in  length.  The  remains  representing  it 
consist  of  seven  cervical  and  dorsal  vertebno,  five  of  them  being  contin. 
uous  and  enclosed  in  a  clay  concretion. 

•  Prof.  0.  C,  Harsh  ha«  discovered  the  posterior  Itmbs  in  this  genus  and  CUdcuteM  but  has  as  yet 
pnblUhed  no  description  of  thciu.    See  Slllini,  Journ.  1871,  p.  4 is. 

A.  F.  a— VOL.  XII-V 
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These  display  the  elongate  character  seen  in  X.  Uuvis^  etc.,  but  the  ar- 
ticular suiiaces  are  transversely  oval,  thus  resembling  the  L.  ieierieui. 
They  are  less  depressed  than  in  L,  perlatus  and  L.  dyspelor.  The  cup  and 
ball  of  the  penultimate  cervical  rise  a  little  more  transverse  than 
those  of  the  fourth  dorsal.  The  last  cervical  is  strongly  keeled  on  the 
middle  line  below,  and  with  a  short  obtuse  hypopophysis  marking  the  be- 
ginning of  the  posterior  third  of  the  length  ;  the  median  line  of  the  first 
dorsal  has  an  obtuse  ridge.  There  is  no  keel  on  the  fourth  dorsal.  The 
diapophyses  on  the  last  two  cervical  and  thi-ee  first  dorsal  vertebr»  have 
great  vertical  extent ;  the  articular  surface  for  the  rib  is  not  bent  at  right 
angles  on  the  last  cervical.  Neural  arches  and  spines  are  well  preserved 
in  most  of  the  specimens.  There  is  no  trace  of  zygantrnm.  The  neural 
spines  are  flat,  and  have  considerable  antei-o-postorior  extent  on  cervica. 
as  well  as  dorsal  vertebne,  and  are  truncate  above.  The  first  dorsal  has 
a  long  strong  rib. 

Transverse  diameter  cup  i)euultimate  cervical  vertebra 051 

Vertical  diameter  of  same 041 

Length  centrum  fourth  dorsal,  without  ball 072 

Vertical  diameter  ball 0455 

Transverse  do     0555 

Elevation  front  margin  neural  spine  penultimate  cervical 088 

Antoro-posterior  diameter        do  do  do      05 

There  are  smooth  bands  around  the  balls  and  the  surfaces  of  the  cen- 
tra are  striate  to  these. 

The  depressed  cups  of  the  cci-vicals  and  antciior  dorsals  distinguisli 
this  species  from  the  L.  validus^  L.  proriger  and  L,  mvdgii.  The  same 
elements  are  much  larger  and  more  elongate  than  in  L,  ietcrieus. 

LiODON,  sp.  near  icterieua.  Cope. 

Represented  in  Prof.  Mudge*s  collection  by  portions  of  ci-anium  inclu- 
ding jaws  and  (juadrate  bones,  etc.,  with  cei-vical  and  dorsal  vertebias. 

Clidastes  vymanii,  Marsh,  probably. 

CijDASTES  ciNEiuARUM,  Cope.     Dorsal  and  cervical  vertebra;. 

SaURODONTID/K. 

IciiTnYODECTEs,  ur.  ctenodon.  Cope. 

Ano(}miu8  contractus,  gen.  ct  sp.  nov.  ?  Saurodontidarum. 

Represented  by  a  large  series  of  vertebne  and  portions  of  fins  of  an  in- 
dividual of  perhaps  four  feet  in  length.  The  characters  of  the  vertebne 
are  those  of  lchthyodectf.9  in  part,  i.  e.  they  lack  the  lateral  grooves,  but 
they  resemble  those  of  SauroccphalxLin  in  having  the  basal  elements  of  the 
neural  and  haemal  elements  inserted  by  goniphosis  and  not  coosaified 
with  the  centrum.  Si)ccificiilly,  the  centra  are  relatively  longer  than  in 
7.  ctcnodotty  and  more  as  in  the  shorter  forms  of  SavrocephaUm,  as  iS. 
proffiiathus,  which  species  the  ]>resent  otie  approaches  in  size. 

SAUROCErnAM  s,  nr.  itrofjuathntiy  Cojh;. 
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Obituary  Notice  of  Edward  lihoads^  M.  D. 
By  Henry  Hartshorne,  M.  D. 

?ad  before  t^  American  Phihsophical  Society,  Phila.  Oct,  6, 1871.) 

Of  those  recently  deceased,  members   of    a  profession  which    has 

"fc^aibatcd  a  large  share  of  workers  to  the  different  fields  of  biological 

ce,  few  have  given  greater  promise,  and  not  many  among  us  have  at- 

d  to  better  performance  in  a  short  career,  than  Edward  Rhoads. 

^'■a.f^avorable  for  the  full  appreciation  of  his  w^ork,  except  by  those  with 

in  he  was  closely  associated,  has  been  the  fact  that  much  of  it  has 

unrecorded  ;  being  the  daily  labor  of  the  practitioner  and  teacher  of 

^**fe<l.icine.     But  it  is  fitting  that  this  Society,  whose  pursuits  and  member- 

*hil>  are  not  narrowly  limited,  should  at  least  briefly  record  its  recognition 

^^  ^iich  high  ability  and  character. 

^2ciward  Rhoads  was  bom  in  Philadelphia,  September  29,  1841.     After 
*  STOod  preliminary  training,  in  which  an  early  love  of  natural  science  dis- 
P^yed  itself,  he  entered  Haverford  College  in  1855  ;  and  was  graduated 
*^^*^  at  the  head  of  his  class,  in  1859.     The  rm*al  situation  of  the  college 
afforded  him  an  opportunity  for  the  study  of  Botany,  in  which  he  became 
well  versed  while  a  sudent.    Shortly  after  leaving  college,  an  attack  of 
i^^ximatic  fever,  involving  the  heart,  began  those  inroads  upon  his  con- 
secution, the  repetition  of  which  afterwards  abridged  his  life.     In  the  fal^ 
of  "1860  he  commenced  the  study  of  medicine,  and  obtained  the  degree  of 
Doctor  of  Medicine  at  the  University  of  Pennsylvania,  in  1863.     He  was 
tl^^ti  elected,  after  a  competitive  examination,  Resident  Physician  in  the 
Pbiladelphia  Hospital,  West  Philadelphia.     This  was  followed,  in  1864, 
by  his  appointment  as  Resident  Physician  in  the  Pennsylvania  Hospital. 
Itt  the  midst  of  his  arduous  duties  there,  performed  with  distinguished 
success  and  with  satisfaction  to  all,  he  was  again  aflected  with  articular 
rheumatism,  which  renewed  seriously  the  disorganizing  disease  of  his 
heart. 

^n  recovering  from  this  attiick,  ho  visited  Europe,  in  1865,  being  absent 
c^ght  months.  In  1866,  he  was  appointed  Visiting  Physician  to  the  Phil- 
adelphia Hospital ;  where  his  professional  talent^  enthusiam  and  knowl- 
edge, and  his  capacity  as  a  clinical  teacher,  found  free  scope  for  develop- 
ment and  utility.  He  was  at  the  same  time  assiduously  engaged  in  private 
medical  teaching,  as  an  examiner  in  connection  with  the  courses  of  the 
"Diversity  of  Pennsylvania,  and  in  giving  lectures  upon  medical  chemistry 
wd  connected  subjects.  In  1870  the  faculty  of  the  University  appointed 
^^  its  lecturer  on  Physical  Diagnosis.  His  first  course  of  lectures  was 
"^nrupted  by  illness,  which  prevented  his  ever  resuming  the  duties  of  a 
Public  instructor. 

in  the  same  year,  a  number  of  gentlemen  proposing  to  establish  a  new 
"'^ical  journal, — The  Philadelphia  Medical  Times,— its  editorship  was 
^manimously  offei-ed  to  Dr.  Rhoads.  This  duty,  which  enlisted  all  his 
^*1|  and  would  have  illustrati;d  admirably  his  professional  loaniing  and 
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tact,  he  was  obliged  to  forego  on  account  of  his  failure  in  health,  which, 
after  great  snftering  for  several  months,  ended  his  life  January  15,  1871. 

In  private  practice,  Dr.  Hhoads  was  rapidly  gaining  the  confidence  and 
success,  which  his  skill  and  acquirement  deserved  ;  as  well  as  the  warm 
and  giateful  attachment  of  many  families, — which  lemains  in  commemora- 
tion of  his  virtues,  more  faithful  than  any  eulogy,  and  more  endur- 
ing than  any  monument.  He  was  elected  to  membership,  besides  the 
Philosophical  Society,  in  the  Philadelphia  College  of  Physicians,  of  which 
he  was  Recording  Secretary,  the  Academy  of  Natural  Sciences,  and  tlie 
Pathological  Society.  To  the  proceedings  of  the  latter  he  contributed  a 
number  of  papers.  lie  wrote  for  the  American  Journal  of  the  Medical 
Sciences  several  reviews,  showing  a  quick  critical  apprehension,  a  largo 
acquaintance  with  medical  science  and  literature,  and  an  excellent  com- 
mand of  language.  He  assisted  Dr.  J.  F.  Meigs  in  the  preparation  of  an 
elaborate  paper,  published  in  the  first  volume  of  the  Pennsylvania  Hob- 
l)ital  Reports,  1808,  on  **Tho  Morphological  Changes  of  the  Blood  in 
Malarial  Fever."  With  Dr.  \V.  Pepper,  he  contributed  to  the  same  vol- 
ume the  results  of  an  extended  inquiry  into  the  **  Fluorescence  of  the 
Tissues  of  the  Human  Body,  especially  in  connection  with  Malarial 
disease  and  the  action  of  Quinia.''  The  scientific  spirit  which  animated 
all  his  professional  labors,  and  which  he  brought  to  the  investigation  of 
the  great  problems  of  Pathology  and  therapeutics,  thus  elevating  the  vo- 
cation of  the  physician  far  alK>ve  routine,  was  well  exemplified  in  this 
paper.  Its  preparation  was  suggested  by  the  remarkable  observation  of 
Bence  Jones,  by  whom  a  fluorescence  resembling  closely  that  of  a  solution 
of  quinine  was  found  to  occur  in  solutions  of  the  tissues  of  animals  which 
had  taken  none  of  that  substance.  A  jicculiar  fluorescent  organic  princi- 
ple was  here  inferred  to  be  a  normal  constituent  of  the  animal  body  ;  and 
to  this  Bence  Jones  applied  the  name  of  **  Animal  Quinoidine.'*  It  was 
not  an  irrational  li^'pothesis,  that  the  systemic  effects  of  the  malaiial 
poison  may  be  attended  by  an  injurious  deficiency  of  this  material ;  and 
that  (luinine,  or  the  other  extractives  of  Peruvian  bark,  may  be  remedial 
for  the  disease,  by  supplying  the  system  with  its  e<]uivalent. 

Drs.  Rhoads  and  Pepjwr  undertook  first,  to  ascertain  whether,  by 
chemical  and  s])ectroscopic  analysis,  there  could  l)e  shown  to  1>e  a  marked 
diminution  in  tlie  amount  of  animal  ([uinoidine  in  the  body  under  the  in- 
fluence of  malarial  disease.  They  also  gave  attention  to  the  effect  upon 
the  animal  fluorescence  produced  by  the  treatment  of  the  attack  by  sul- 
phate of  cinchonia.  The  interesting  result  was  arrived  at  by  a  scries  of 
(tareful  and  exact  determinations,  that  there  is,  nnifonnly,  a  close  con- 
nection between  malarial  disease  and  the  diminution  of  '*  animal  quinoi- 
dine  ;''  and  that  this  connection  is  apparent,  not  only  in  the  presence  of  a 
fully  developed  paroxysm  of  lever,  but  also  when  the  system  is  more  iu- 
si<liously,  though  often  very  seriously,  aflectcd  by  the  morbid  cause. 

The  same  exact  inquiry  into  evidence,  with  the  aim  to  discover  and  es- 
tablish truth,  was  applied  by  Dr.  Rliuuds  in  his  consideration,  lioth  theo- 
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retioal  and  practical,  of  the  highest  topics,  not  on^y  of  science,  but  of 
philosophy.  Contented  to  accept  no  truth  upon  the  evidence  of  mere  tra. 
dition  or  human  authority,  his  opinions  upon  religious  subjects,  being 
those  held  by  the  Society  of  Friends  of  which  he  was  a  memlwr,  were  the 
result  of  deliberate  and  strong  conviction.  His  fine  critical  faculty  was 
brought  to  bear  upon  the  recent  Biblical  and  anti-Biblical  controversies, 
represented,  upon  the  one  side,  in  different  modes,  by  Strauss,  Bauen 
Comte,  Renan  and  Buckle.  In  several  essays,  prepared  for  special  occa- 
sions, only  one  of  which,  however,  has  been  published,  he  displayed  a 
calm  mastery  of  these  topics,  an  amount  of  knowledge  and  force  of  argu- 
ment, such  as  might  be  looked  for  rather  in  a  professed  theologian  than 
in  an  active  member  of  the  medical  profession. 

With  all  w^ho  knew  Dr.  Edward  Rhoads,  however,  his  intellectual  en- 
dowments, though  great,  were  always  perceived  to  be  subonlinated  to 
moral  qualities  more  rare  and  admirable.  From  early  youth,  purity  of 
life,  unselfishness,  refinement  and  elevation  of  mind,  were  his  marked 
characteristics.  Few  examples  so  si>otless  are  met  with  in  any  profession 
or  sphere  of  life.  In  the  largo  assembly  which  met  at  his  funeral,  words 
spoken  by  several  who  knew  him  well,  and  whose  standard  of  character 
was  high,  were  such  as  might  fulfil  the  aspirations  of  the  most  saintly  of 
men,  and  which  very  few,  indeed,  could  deserve^ 


Stated  Meeting,  Oct.  20, 1871. 
Present,  nine  members. 

Curator,  Dr.  Carson,  in  the  chair. 

A  letter,  acknowledging  receipt  of  No.  86  proceedings,  was 
received  from  the  University  of  the  City  of  New  York. 

Donations  for  the  Library  were  received  from  the  Kevue 
Politique ;  the  Astronomer  Royal  of  England ;  the  Editors 
of  Nature;  the  E.  Institute  of  Cornwall;  Thomas  P.James, 
Esq  ;  the  Editor  of  the  Old  and  New  ;  the  American  Chemist ; 
American  Journal  of  Medical  Sciences,  and  Medical  News 
and  Library. 

A  letter  was  read  from  Professor  Cope  to  the  Secretary, 
dated  Fort  Wallace,  Kansas,  10th  month  9,  1871,  giving  a 
preliminary  report  of  his  expedition  into  the  Valley  of  the 
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Smoky  Hill  river,  Kansas,  and  descriptions  of  new  fossil  sau- 
roids  and  Chelonians  discovered  and  collected  there. 

Pending  nominations  No.  679  and  new  nominations,  Nos. 
G80  and  681  were  read,  and  the  meeting  was  adjourned. 


Fort  Wallace,  Eaksas, 
October  9th,  1871. 

My  Dear  Prof,  Lesley : — 

I  write  to  give  a  brief  account  of  the  expedition  of  seventeen  days, 
which  I  have  just  made  in  the  valley  of  the  Smoky  Uill  river  in  Kansas. 
Through  the  courtesy  of  Gen.  Jno.  Pope,  commanding  the  Department 
of  the  Missouri,  I  was  furnished  with  an  order  on  the  post  coxmoandant  at 
Fort  Wallace  for  a  suitable  escort.  This  was  furnished  by  Capt.  E. 
Butler  (5th  infantry),  wlio  spared  no  pains  to  make  the  expedition  a 
success. 

We  first  camped  at  a  spring  eighteen  miles  south  of  Fort  Wallace,  and 
five  miles  south  of  Butte  Creek.  It  had  a  line  flow  of  water,  and  beings 
without  iiarne  I  called  it  Fossil  Spring.  On  a  bluff,  on  Butte  Creek, 
Lieut.  Whitten  discovci-ed  the  fragments  of  a  monster  saurian  projecting 
from  the  shale,  and  on  following  the  bones  into  the  hill,  exhumed  a  large 
I)art  of  the  skeleton  of  Liodon  dyspelor  Cope  (Proceeds.  A.  P.  8.  for  1870). 
Tliis  was  welcome,  as  the  species  had  been  previously  known  from  ver- 
tebnu  only.  The  pelvic  arch  was  found  perfectly  preserved,  and  the 
scapular  arch  and  limbs  partially  so.  The  iliac  lK)ne  is  slender  and  straight, 
slightly  expanded  at  the  acetabulum.  The  ischium  has  a  somewhat 
similar  form,  but  is  curved.  The  axis  of  the  proximal  i)ortion  is  directed 
upwards ;  the  shaft  then  turns  into  a  horizontal  direction,  and  lies  bo- 
neath  and  at  one  side  of  the  vertebral  column  without  uniting  with  its 
fellow.  The  pubcs  are  elongate,  but  wider  than  the  other  elements  and 
flattened.  They  are  in  contact  in  front  medially,  and  have  an  angulate 
axis.  A  short  i)rocess  projects  from  near  the  proximal  end,  on  tlio  ex- 
terior margin.  The  femur  is  a  flat  bone,  slightly  constricted  medially, 
and  with  a  dccurvcd  and  projecting  portion  of  the  proximal  articular, 
surface  on  the  inner  side  representing  a  head.  The  extremities  of  the 
dentiiry  bones  ai-e  each  drawn  to  an  acute  point  differing  thus  toto  coelo 
from  those  of  the  L.  proriger. 

On  the  same  bluff  another  Liodon  and  a  CUdastes  were  found,  with  five 
species  of  fishes. 

On  examining  neighboring  bluffs  and  denuded  areas,  bones  8npi>08ed 
to  be  tlu>sc  of  Pierodaclyley  two  species  of  Clidast^Sy  a  DinosauTy  a  Ci*0C0" 
(file,  and  numerous  fishes  were  brought  to  light. 

In  a  similar  location  on  Fox  Cn'ck  can(m,  one  of  the  escort,  Martin  V. 
llartwcll,  to  whom  I  am  indolnod  for  many  line  discoveries,  observed  the 
almost  iMitin?  .skoli'ton  of  a  large  tish,   furnished  with  an   imcommonly 
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powerful  offensive  deDtition.  The  jaws  were  stout,  the  dentary  bono 
very  deep.  The  teeth  in  a  single  row  in  all  the  bones,  but  of  irregular 
sizes.  There  are  two  or  three  very  large  canines  in  each  maxillary,  and 
one  in  the  premaxillary,  three  or  four  in  the  dentary  separated  by  an 
interval.  The  lack  of  corouoid  bone  and  many  other  characters  show 
that  it  should  be  referred  to  the  order  hospondali,  and  is  probably  allied 
to  the  herring  and  the  Saurodontidae.  The  vertebrse  are  grooved,  and 
there  is  a  basi-occipital  tube  but  little  developed.  The  teeth  are  simple 
eylindric  conic,  with  smooth  enamel,  and  project  two  inches  above  the 
alveolar  border,  and  each  descends  an  inch  into  its  alveolus.  The  species 
and  genus  are  new  to  our  palaeontology,  and  may  be  named  Porthsus 
mohuvA,  It  turned  out  on  subsequent  exploration  to  have  been  quite 
abundant  in  the  Cretaceous  seas.  It  was  probably  the  dread  of  its 
cotemporaries  among  the  fishes  as  well  as  the  smaller  saurians. 

On  another  occasion,  we  detected  unusually  attenuated  bones  projecting 

from  the  side  of  a  low  bluff  of  yellow  chalk,  and  some  pains  were  taken 

to  uncover  them.    They  were  found  to  belong  to  a  singular  reptile,  of 

sanities  probably  to  the  Testudinata,  this  point  remaining  uncertain. 

Intead  of  being  expanded  into  a  carapace,  the  ribs  are  slender  and  fiat. 

The  tubercular  portion  is  expanded  into  a  transverse  shield  to  beyond  the 

capitular  articulation,  which  thus  projects  as  it  were  in  the  midst  of  a  fiat 

P^te.    These  plates  have  i>adiating  lines  of  growth  to  the  circumfei-ence, 

^hich  is  dentate.     Above  each  rib  was  a  large  fiat  ossification  of  much 

tenuity,  and  digitate  on  the  margins,  which  appears  to  represent  the  dermo- 

<*8iflcation  of  the  Tortoises.     Two  of  these  bones  were  recovered,  each 

^^  feet  across.     The  femur  resembles  in  some  measure  that  ascribed 

oy  Leidy  to  Platecarpus  tympanitieus,  while  the  phalanges  are  of  great 

"^^    Those  of  one  series  measured  eight  inches  and  a  half  in  length,  and 

***  very  stout,  indicating  a  length  of  limb  of  seven  feet  at  least.     Tlie 

*hole  expanse  would  thus  be  twenty  feet  if  estimated  on  a  Chelouian  basis. 

The  proper  reference  of  this  species  cannot  now  be  made,  but  both  it  and 

^®  6enuss  are  clearly  new  to  science,  and  its  affinities  not  very  near  to 

^^^  known.     Not  the  least  of  its  peculiarities  is  the  great  tenuity  of  all 

"•6  bones.    It  may  be  called  ProtoBtega  gigas. 

*^he  greater  part  of  a  larjje  Liodon  proriger  Cope  was  found  scattered 

^^^^    a  denuded  surface  at  one  point,  his  huge  truncate,  bowsprit-like 

'^^^^t,  betraying  his  individuality  at  once.     Portions  of  other  examples 

^*^i8  reptile  were  afterwards  found.     Remains  of  several  si)ecies  of  C7i- 

^**^<  occurred  at  various  points  in  the  neighborhood  of  1?  ossil  Spring. 

^^  vras  found  in  the  side  of  a  bluff  fifty  feet  above  the  bottom  of  the 

*^^o^  J  Martin  Hartwell  exhumed  another  near  the  C.  cineriarum  Cope 

^nxost  complete. 

'^e  subsequently  left  this  locality  and  encamped  at  Russell  Springs  on 

*^®  Smoky  Hill,  twenty-six  miles  distant.     On  the  way  a  large  CUdasten 

01  Some  forty  or  more  leet  in  length  was  found  lying  on  a  knoll  of  shale, 

^*^^li  the  head  displaying  the  palatal  surface  upwards.    On  the  Smoky 
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our  explorations  wore  attended  with  success.  When  we  shifted  oamp,  it 
was  to  go  to  Eagle  Tail  iu  Colorado,  whence  we  returned  again  to  Fossil 
Spring.  The  richness  of  this  locality  was  again  apparent,  and  we  added 
to  our  collection  a  number  of  species.  Among  these  may  be  mentioned 
Liodon  ictericus  Cope  and  two  new  Clidastes,  The  writer  originally  pointed 
out  the  existence  of  representatives  of  the  orders  Pj/thonomorpha  and 
Sauropterygra,  in  this  cretaceous  basin.  Prof.  Marsh's  exploradoos 
determined  the  existence  of  OrnithoMuria  and  Oroeodilia.  The  present 
investigation  adds  Dinosauria  and  perhaps  Tesivdinata,  or  the  group  that 
the  new  form  Protostega  Cope  represents. 

The  preceding  account  expresses  some  of  the  points  of  interest  observed. 
Those,  with  others,  now  unnoticed,  will  be  included  in  a  final  report. 

The  giants  of  this  sea  were  the  J^iodon  proriger,  Cope,  L.  dyipelar.  Cope, 
Polycotylus  laiipinnin.  Cope,  and  Elasmosaurus  platyuruij  Cope.  Of 
these  the  first  was  apparently  the  most  abundant.  The  second  was  the 
most  elongate,  exceeding  in  length  perhaps  any  other  known  reptile. 
The  last  named  had  the  most  massive  body,  and  exhibited  an  extraordi- 
nary appearance  in  consequence  of  the  great  length  of  its  neck. 

For  kind  assistance,  I  am  much  indebted  to  Capt.  Edwin  Butler,  post 
commandant  at  Foi-t  Wallace,  to  Dr.  W.  H.  King,  post  surgeon,  and  to 
Capt.  Wyllys  Lyman.  To  Lieut.  Jas.  XL  Whitten  and  Sergeant  W. 
Gardner,  who  accompanied  the  expedition,  much  of  its  success  is  also  due. 

I  am,  etc.,  EDW.  D.  COPE. 


Scaled  Meetinfj^  Nov,  Sd,  1871. 

Present,  eleven  members. 

Vice  President,  Cressox,  in  the  chair. 

Letters  of  envoi  were  received  from  the  societies  at  Riga 
Chemnitz,  Wiesbaden,  Lyons  and  Copenhagen,  the  University 
of  Norway,  and  the  Royal  Geographical  Society  at  London. 

Letters  of  acknowledgment  were  received  from  the  Nassau 
N.  History  Union  at  Wiesbaden,  (Proceedings  78-83,)  and 
the  Lnnerial  Societv  of  Airricultare  and  Natural  History  at 
Lyons,  July  20,  (78-81,)  requesting  tlie  completion  of  their 
scries,  which,  on  motion,  was  so  ordered. 

Donations  for  the  Library  were  received  from  the  Societies 
at  Kiga,  Chemnitz,  Gorlitz,  Wiesbaden,  Lausiinne,  Lyons, 
Liverpool,  Glasgow  and  Salem,  Mass.,  the  Berlin  Academy, 
Geolo^rical  Societv,  and  Archtooh)'iical  Institute,  the  Austrian 
Geological  Institute,  Anthropological  Society,  Herr  von  Haucr, 


Mr.  Neumeyr  and  Dr.  Emanuel  Bunzel,  the  Daniah  Antiqua- 
rian Society,  the  Norwegian  University,  the  Revue  Politique, 
M.M.  Delesse  and  Lapparent,  the  British  Association,  Meteo- 
rological Office,  Meteorological,  Geographical,  Chemical,  Geo- 
logical, Zoological  and  Antiquarian  Societies  of  London,  the 
Editors  of  Nature,  the  American  Journal  of  Science  and  Art, 
the  Protestant  Episcopal  Diocesan  of  Pennaylvania,  and  the 
Chief  of  Engineers  of  the  U.  S.  Army. 

The  death  of  Sir  R,  I.  Murehieon,  in  the  eightieth  year  of 
his  age,  at  Loudon,  on  the  28d  instant,  was  announced  by  the 
Secretary. 

The  loss  by  shipwreck,  in  a  recent  Btorm,  on  Lake  Superior, 
of  James  T.  Hodge,  a  member  of  the  society,  was  announced 
by  Secretary,  with  appropriate  remarks. 

Prof  Cope  made  some  general  observations  on  the  extinct 
Batrachian  Fauna  of  the  Carboniferous  of  Linton.  Ohio.,  based 
on  studies  of  material  oblainea  by  Prof.  J.  S,  Newberry,  Di- 
rector of  the  Geological  Survey  of  Ohio. 

ISroDtj-BeveD  species  had  been  disoOTered  up  to  the  preKnt  time. 
ftnd  not  oQe  of  tliem  wns  a  reptile ;  twenty-three  of  these  were  referred 
to  the  following  genera  :  Pelian,  Wjman,  1  ;  Biuropleura,  Cope,  3  ;  Tu- 
dilanvM,  Cope,  i ;  BraehydecUi,  Cope,  1 ;  OiHtoefphalui,  Cope,  fi ;  Cocy- 
Uru»,  Cope,  1  ;  Mblgophii,  Cope,  1;  Phlesiihontin,  Cope,  2;  Colotleut, 
Cope,  3 1  Euri/lAorar,  Cope,  1. 

TudiUtnat,  Voeytinat  and  Phlegsthantia  were  deioribed  as  new  genera. 
Tbe  first  represented  Dendrtrpeloi^,  but  po&sessed  tbe  usual  three  thoracic 
itiielde,  a  character  not  yet  found  in  tbe  former  genus. 

PhUfftitutniia  embraced  slender  snake-like  forms  allied  to  Molgopki; 
bat  without  ribs.  Caej/^inuii  was  a  branchiferous  genus  having  four 
bnuiehltiyal  bones,  two  basals  branchjhyala  and  two  ceratohyals  on  each 
ticle.  and  with  conic  teeth  in  the  anterior  portion  of  the  mandible  only, 
on  an  expansion  or  dental  plate.     Limbs  none  in  front. 

OiilMejthatui  was  defined  as  having  the  three  pectoral  sbields,  poste- 
rior limbs  only  present  and  weak ;  head  lanceolate  ;  ventral  armature  of 
packed  OHseous  rode  en  thtvron  ;  aearal  and  haemal  spines  of  caudal 
nrtebtae  expanded  and  fan-like.  The  six  species  were  enumerated,  viz  : 
0.  rtmKC,  Cope.  O.  peetinatut,  C.,  0.  ma^ihii,  C,  O.  eurvideni,  C,  0. 
*iiKliMianu*,  C,  0,  lerrula,  C,  the  last  thi-ee  being  new  to  ECience. 
Wher  new  specien  were  described,  as  HattropUiira  longipet,  C,  and  8. 
'"ivi^i,  C,  Tuditanui  brmiroilrU,  C,  T.  mordax,  C,  and  T.  radliiliu, 
(^•<  Gacytinat  gyrirwido,  C.,  Phltgtthonlia  tinearU,  C,  nas  indicated  as  a 
■PBciM  with  laoceolated  bead,  no  ribs,  a  very  elongate  tail,  and  without 
Unib«  or  ventral  or  thoracic  armature.  Phlegethontia  urpent,  C,  was 
'luiTOT  >peciei.  &  new  Coio$tmii,  C-  paueiradialat  was  added,  and  an 
*1Um  form  described  as  Eurj/tharax  tablattu.  The  peotoral  median 
''■'•kt  U  subround  and  nearly  smooth,  and  belonged  to  an  animal  of  four 
wt  in  length. 

^raplevra,  Ceeytinui,  MolgopMi,  PUiij7«fAanriii  wore  enumerated  aa 
Eni«ni  In  which  pectoral  shielda  bad  not  been  observed,  and  Ptlion  and 
■iidttanui  were  characterized  as  tbe  broad -beaded  types. 


Cyclical  RAinrALLB  *t  Litbon. 
fir  Plikt  Earle  Csacb. 


Read  before  Ihe  American  Philatophieal  SoeMy,  Avg.  18,  1871, 
The  more  strongly  marked  and  decisive  character  of  the  curves  of  lunar 
monthly  rainfall,  ia  Philadelphia  than  in  Great  Britain,  (anCtv.  x.,  pp. 
523-34,)  rendered  me  desirous  of  obtaining  obBervations  from  some  Euro- 
pean station  in  loner  latitude.  The  intimation  or  that  desire  to  the 
Director  of  the  "  Observatorio  do  Infante  Dom  Luiz,"  at  Lisbon,  ■ 
promptly  followed  by  the  transinission  of  a  copy  of  observations  ext«od- 
ing  over  a  period  of  sixteen  years,  which  is  herewith  presented.  I  also 
submit  some  of  the  tabulated  results  of  such  discussion  of  the  obMrT»> 
tioua  as  I  have  already  undertalieu,  which  appear  to  me  to  corroborate, 
in  a  most  satisfactory  manner,  the  viewslbavehitberto  advanced respeoU 
ing  the  meteorological  influence  of  the  moon.  Borne  of  the  tablofl  also 
afford  interesting  indications  of  a  somewhat  similar  planetary  influence, 
sufficient,  as  it  seems  to  me,  to  encourage  further  investigation. 

Ona  of  the  objections  moat  often  urged  against  the  aoknowtedgiBent  of 
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laj  kpprecUble  luiinr  or  plniietary  inlliieDce  upon  rainfall  or  other  atmo- 
ipberic  pUsnomena,  ia  based  on  the  diSerent,  and  eometimoB  coDtradictory, 
reanlM obtained  bf  difTerenb  investigatora,  from  obseivations  in  difFerent 
pliAMtodat  different  times;  another  aiiaes  from  the  difficulty  of  con- 
ttiiiog  nn;  tidal  or  otlier  force  adequate  for  the  production  of  any  con- 
ddcmble  disturbance.  Nevertheless,  such  of  the  objectors  as  are  famiUar 
villi  Howard's  discnsaion  of  the  moon's  influence  upon  the  barometer; 
8ihtns'is  of  lunar  dtoturbancesof  terrestrial  magnetiBra;or8chwabe'8  and 
Wolf'*,  of  the  dependence  of  sun-apots  upon  planetary  conligu  rations. 
Mm  to  admit — at  least  I  am  not  aware  that  any  of  them  deny — the  prob- 
ihlliijrof  the  conclusions  which  those  eminent  observers  have  severally 
nproMd, 

If  11  is  conceivable  that  Saturn,  Jupiter  and  Venus  can  in  any  way 
ifcst  the  cloudiness,  or  amount  of  spotted  surface  of  the  the  sun,  not- 
with«»nding  the  immense  preponderance  of  his  attractive,  magnetic  and 
Kber  anppoBable  forces,  it  is  surely  much  more  easy  to  imagine  that  they 
Bs;  ilniilarly  affect  the  meteorolo;;ic  phenomena  of  the  earth,  which  op- 
PMM  in  antagonizing  mass  only  jig'inn  (according  to  Newcomb's  esti- 
dU<)  u  groat  as  that  of  the  sun.  If  the  lunar  tides  of  our  atmosphere 
*n  of  sufficient  magnitude  to  affect  the  barometer,  the  consequent  waves 
aiut  elTect  a  blending  of  aerial  currents  of  different  temperatures  and 
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different  degrees  of  humidity;  and  in  conBeqiieneo  of  the  Btratifieatlon  of 
the  upper  and  lower  winds,  this  blending  offers  a  uiiique  opportunity  for 
the  practiciU  stud;  of  the  optKnite  tidal  tendencies  in  deep  and  Bhalloir 
fluid  seas  or  envelopes.  If  the  lunar  are  as  unmiBtakable  as  the 
modifications  of  magnetic  pbenomeaa,  the  analogies  nhicb  have  been 
pointed  out,  by  Hessrs,  Baxendell  and  Bloxam  between  magnetic  and 
pIuTial  and  by  myself  between  pluvial  and  auroral  curves,  are  indicat-va 
of  other  possible  lunar  influences  which  are  equally  unmistakable.  If  lh» 
difSculty  of  conceiving  an  adequate  cause  for  a  supposed  phenomenon  were 
to  deter  us  from  inquiring  whether  an  apparent  dependence  wer«  real 
illusory,  all  progress  in  science  would  become  impossible.  Finalt}',  if  it 
can  be  shown  that  solar  rain-curves  exhibit  rlilTerent,  and  oft«n  contra- 
dictory inflections,  similar  to  those  which  are  objected  to  in  the 
curves,  and  if  a  consistency  of  disagreement  can  be  shown  between  th» 
lunar  results  at  two  given  stations,  accompanied  by  a  consistency  of . 
ment  between  the  results  in  different  cycles  at  the  same  station,  the  ar- 
gument from  apparent  contradictiou  will  be  deprived  of  all  its  foree. 

I  have  no  hope  of  thoroughly  convincing  any  one  who  is  skeptical  of 
lunar  influeuce  on  the  weather  by  deductions  from  observations  at  one 
or  two,  or  a  half  doaen  stations,  but  I  believe  that  any  one  who  will  ex- 
amine, carefully  and  impartia.lly,  the  tables  1  have  already  published, 
based  on  observations  In  India,  Great  Britain,  Portugal,  Canada  and 
different  portions  of  the  United  States,  will  at  least  be  willing  to  admit 
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tlk^tbe  question  i«  an  opep  one.  And  if  ho  will  oumpare  my  preTiouK 
M^balatioDB  with  tboae  which  accoiupanj  the  present  paper,  he  ma;,  per- 
bsKIM^  find  any  liogering  BkepCiclsm  shaken,  however  prejudiced  or  invet- 
•rakte  il  may  be. 

Far  convenience  of  coinpariBon,  I  represent,  Jn  each  instance,  the  mean 
radnfttll  for  the  entire  period  under  consideration  by  100,  and  any  devia- 
tion trota  the  mean,  whether  of  excess  or  deficiency,  is  denoted  by  the 
addition  or  tubtraction  of  a  corresponding  percentage.     The  smoothing 
b;  inccessiTe  means  is  uniform  in  all  the  tables.     1  invite  special  atten- 
tion to  the  columns  of  lunar  rainfall  at  Lisbon,  in  each  of  the  first  two 
tMblsa,  representing  two  different  sets  of  three  independent  periods,  averag- 
ing  W  mooUis,  a  cycle  which  I  have  hitherto  supposed  too  short  to  yield 
any  tati&factorj  results.  If  there  is  no  causal  nexus,  it  is  difficult  to  imagine 
id;  poMible  reason  for  the  striking  similarity  between  the  ordinate*  for 
lh«  different  cycles,  a  similarity  which  I  think  quitfl  as  striking  as  that 
between  the  solar  curves  at  the  same  station  for  Independent  periods  of 
•imilai  duration.     If  the  lunar  disturbances  are  considered   as  merely 
tid&l,  ivhile  the  solar  are  partly  tidal,  but  principally  thermal,  their  rela- 
tlie  migiiltades  suggest  interesting  comparisons  between  centrifugal  and 
nntripetal  forces,  analogous  to   those   which   I   have  hitherto   bad  the 
booor  of  presenting  to  the  Society, 

Tbe  resemblance  between  the  independent  curves  in  Table  III.  is  not 
n>7  marked  ;  but  the  yearly  mean  is  curiously  like  the  yearly  averages  of 
Uw  luuar  monthly  ordinates  in  Tables  I.  and  II.,  if  we  construct  the 
urrei  *o  as  to  compare  the  ordinate  of  Jupitot's  opposition,  No.  ID.  with 
heoidinate  of  lunar  conjunction.  No.  1,  and  ciM  vir4i. 
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The  tendency  to  opposition  between  raiafall  curves  on  opposite  aides  of 
the  Atlantic,  of  nbicb  I  have  a1i«ady  submitied  Bome  iUusttations  to  tlie 
Society  {ante,  p.  38,  &c.)i  is  interestingly  shown  near  the  solstitial  mad 
equinoctial  periods,  by  Table  IV.*  Columns  G  and  7  of  the  same  table 
indicnte  a  similarity  between  the  curves  of  daily  and  annual  rainfall  at 
Pbiladelpbia,  which  lends  additional  intereBtto  my  comparison  of  pluvial 
and  auroral  curves  [ante,  pp.  131-22). 

ExflASATIOM  OF  FlGCRKB. 

The  horiEontail  lines  represent  the  average  rainfall;  each  vertical  space 
represents  a  deviation  of  .2  of  tlie  mean  value  ;  eaiih  horisontal  space 
reprenenlB  two  days  in  tbe  abacissas  of  the  lunar  cnrvea,   or  ^V  of  a  year 

in  the  abscissas  of  the  solar  curves.    The  lunar  curves  liCKiu  and  end  witli 
iheiiay  of  iipw  myoii  ;  the  .solar  ciiivfB  with  Janii.irv  1. 
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April  to  iliily,  inclusive  ;  broken  line, 
Aiij^'iiHt  to  ^uve^lUsr,  Inclusive  ;  dotted  lin 

Sotar  Ciirnit, 
IS^tri,  '58,  -81,  '114.  'GT.  '70;  continuous  line. 
IBDO,  'm.  '112.  'tt.'i,  'IM;  brukon  lin». 
I85T,  '00,  'Ua,  '60.  ■«! ;  dotted  line. 

Fig.  2. 
1»,V>-'W;  continuous  lliir. 
1861-'«5  :  broken  liiw. 
ISeo-'TO ;  dotted  hue. 
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Reh&reb  en  Hj/rCTi  OolUelion. 

(Sauj  before  tht  Ameritan  Philoiophiral  Sofi^y.) 

-»r— tof.  Cope  etsted  that  this  collection  embraced  800  Hkelctona,  each 
"^^rS^^li  the  branchial  apparatus  mounted  separaitely.  A  large  proportion 
K>f  -Cite  tpecimens  measured  two  Teet  loDg  and  upward^;.  The  Helachians 
'i^'  •_i»r^  not  very  numerous.  Among  them  was  to  be  noted  a  saw-fish  from 
fcl»^  South  Paciflo  Ocean.  The  Dipnoi  were  represented  by  two  perfeet 
^X^^-ciimens  of  the  Prolapteritt  annettent  TromXentral  Africa.  The  Cros- 
^•^li'teiygiana  were  present  in  fise  specimens  of  Polj/pU-rt —untie  from 
*— ^^»^ti«I,  others  from  West  Africa.  Of  GanoidBaBne  series  of  LtpidotUut, 
■^^  *  »*  rgeons,  Spatulnria  MiA  Amia. 

'f^be  series  of  Kile  fishes  was  probably  tbe  best  in  exlKtenco.  The 
■A^<» -rmj/Hda  weTe  etpeclally  complete  atid  represented  by  Urge  specimens. 
'■^"fa'^M*  were  two  of  Oj/mnarchu>  nilelievi,  each  three  feet  in  length.  Many 
*~*^  Klie  apecimens  were  obtained  at  Chartiim,  in  Nubia,  others  came  Cram 
•^■•^^adokoro  on  the  White  Kile  between  lats.  4^  and  S'->  H. 

"X^he  Australian  fauna  was  well  represented.  From  it  might  be  snleoted 
*-**^  genera  SchutlUa,  Seositurut,  Gadoptit  and  Parapulut.  Numerous 
^T»^<aes  from  fiamarang,  Singapore  and  Polynesia  were  included,  and  tlie 
^-'■•*«ujltf«ujn  fortnttum  from  Borneo  required  especial  mention.  Tbe 
'-*^'->  Uiyology  of  Uindostau  was  well  represented.  Tbe  Mediterranean 
^^«^es  was  very  complete.  Among  tliem  was  to  be  noted  a  specimen  of 
'  rare  JtaeeUai  ipteiuiui,  three  feet  in  length,  one  of  TraeKj/ptarut  liop- 
*"•«  still  larger  and  an  AUpa(ephalu.»To»tT<itui.  From  tbe  Canary  Islands 
'<B  ve  some  uncommon  varieties,  a.s  Neiiarchua  naiulut  and   Ventrolopha* 

T^he  North  American  series  vas  good,  especially  the  CaloHomida, 
l>«re  were  numerous  West  Indian  species,  and  a  good  representation 
"  South  American ;  cbielly  from  Cbili,  Puerto  Cabello,  Rio  and  tbe  tribu- 
"ies  of  tbe  Amazon  and  Essiquibo.  Tbe  latter  were  mostly  from  Nst- 
T^^'^t's  collections,  and  embraced  many  forms  of  Hiluroids,  Characins  and 
*-^*»»7omids. 

'X*be  specimens  were   prepared  by  Prof.  Hyrtl  bimsoU,  nhicU  vas  an 

^*'*^^quaUed   guarantee  of  tbeir  completeness  In  all  respects,  to  the  most 

*-*»Kaute.     The   preparation  of   tbe  supplementary  ribs  of  the  Ctapiida 

^  **^rriDg)  was  to  be  noted  as  an  eapecially  difficult  task  which  had  been 

^'■O'ccsafiilly  occomplisbed.     Tbe   collection  apjiears  to  have  beett  com- 

*"*^»ced  by  Prof.  Hyrtl  not  later  than  in  1850,  and  bad  been  an  object  of 

^  ^^iFtt  to  iohthyologists  and  anatomists  for  several  years.     It  was  prob- 

"-■l  J  llio  roost  valuable  collection  for  study  in  this  department  in  eEist- 

'^c^  and  Prof.  Cope  thought  it  cause  of  Batisfaction  that  it  bad  arrived 

^^*t«ly  in  the  United  States.* 

In  transportlnE  It  free  of  ebarge  Irom  Liverpool  to 
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Prof.  Cope  remarked  upon  the  peculiar  features  of  Bome  of 
the  figures  on  the  plates  in  BeuzePs  Beptilfauna  der  Gosau- 
formation. 


Stated  Meeting,  November  17, 1871. 

Present  nineteen  members. 

Mr.  Fraley,  Vice-President,  in  the  chair, 

Mr.  Phillips  and  General  Tilghman,  recently  elected,  were 
introduced  to  the  presiding  officer,  and  took  their  seats. 

A  photograph  of  Mr.  Chabas  was  received  for  insertion  in 
the  Album. 

Letters  of  acknowledgment  were  received  from  M.  F.  Chabas, 
dated  Chalon  sur  Saone,  Oct.  21. 1871  (Proc.  83,84,85);  from 
the  Linnean  Society,  London,  Aug.  2  (xiv.,  i.  82,  83,  84,  85) ; 
and  from  the  Smithsonian  Institution  (86). 

A  letter  from  the  Linnean  Society  announced  the  sending 
of  publications. 

Donations  for  the  Library  wore  received  from  the  Prussian 
Academy,  the  Montsouris  Observatory,  the  Astronomical  and 
Linnean  Societies,  the  London  Nature,  the  Boston  Public  Li- 
brary and  Dr.  Samuel  A.  Greene,  the  Franklin  Institute,  the 
College  of  Pharmacy,  the  Medical  News,  the  Penn  Monthly, 
Mr.  Latrobe  of  Baltimore,  and  the  California  Academy  of 
Sciences. 

A  letter  was  received  from  Mr.  Henry  W.  Field,  dated  Royal 
Mint,  Ix>ndon,  Oct.  22(1,  accepting  his  appointment  to  prepare 
an  obituary  notice  of  the  late  Sir  Jc»hn  F.  W.  Herschel. 
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Mr.  H.  0.  Carey  read  an  obituary  notk-e  of  the  late  Stepben 
Colw  ell,  pursuant  to  notice. 

TTie  (lenth  of  Jobn  Edwards  Holbrook,  M.  D.,  formerly 
Pfof-  Anat.  Med.  Coll ,  Soutli  Carolina,  which  toolc  place  at 
Sorfolk,  Mass.,  Sept.  7,  1871,  was  announced  by  the  Sec- 
ittary. 

The  death  of  Ed.  "W.  Brayley,  F.  R.  S.,  Feb.  1,  1370,  was 
BiEotiuced  by  tlie  Secretary. 

A  memoir  for  the  Transactions :  On  the  Tours  of  the  Chess 
Kniplil,  by  M.  Serge  de  StcliouiepnikofF,  was  received,  with  a 
Irtter  from  the  author,  dated  Circleville,  0.,  Nov.  3,  1871,  and, 
"w  motion,  referred  to  the  following  Committee ;  Prof.  George 
Allen.  Mr.  Pliny  E.  Chase  and  General  Tilghman. 

A  Note  on  the  Footmark  in  Ilieroglyphic  Script,  by  M.  F. 
Chaltts,  of  tlie  InstituH>  of  France,  was  read  by  the  Secretary. 

Jlr«K  0/  K  ChatHi;  of  Hu  iMiliuU  of  Frantt,  on  iht  P^ot-mark  in  tk» 
Jlitregtj/phie  Script. 

1  find  in  tlie  Proeoedings  of  tlio  Ameiioan  PhilosophlcAl  Society  (Tol. 
'^..p,  813)  tlio  following  fllatcroont : 

''He.  Ijetley  roferrcd  aUo  to  thu  fact  tbat  the  ancient  Egyptian  B  was 
P^phicitDy  reprewnted  by  the  leg,  A  by  tbe  arm,  T  by  the  hand,  and 
"'^t  wliat  is  called  tbe  comb  miy  have  haea  meant   for  the  fofit-nfark." 

1  *n  not  nequainted  witli  any  Licrogjlyphic  cbaracter  bearing  in  its 
CKphical  form  a  nearer  resemblanDO  tu  a  oonib  tlian  [Mr.  ClJaUns  here 
^*M  the  M  as  in  tlie  first  Kieg's  name,  Mena  ]  tho  larger  drawings  of 
'liicli  sliow  maaifeetly  to  be  a  chc«8  or  draugbt-bonrd  nitli  ite  men. 

Bnt  the  feet  occur  in  tbe  bieroglyphic  KcripC,  not  with  a  phonetic  but 
*UIi  a  ayuibolic  worth.  They  are  a  mark  of  tlie  actual  prugeuce  of  tbe 
■4'Mstor.  When  a  pious  Egyptian  repaired  to  Horoo  place  of  worship, 
'*  *  distant  country,  he  would  sometimes,  as  a  token  of  his  zeal,  incise  a 
"Cn'Ruf  his  two  feet  on  some  stone  in  the  neighborhood.  Similar  sculp- 
^TMwerr  observable  on  the  terrace  of  tbe  templo  of  Khons  at  Karnak, 

"■d  hive  been  published  by  M.  Prisee  d'Avennes ;  tbe  name,  pedigree  and 

W**  nf  ilie  pilgrim   are  generally  written  close  to  bis  sculptured  feet, 

*hlcl)  arc  represented  either  naked  or  shoed  ;  in  one  case  tbey  are  r«- 

I^Wcd  by  tbe  soles  or  feet-marks. 
ThU  pnotlce  was  probably  very  old,  but  either  from  the  scarcity  ot 

■"■ctimBnlif  or  the  neglect  of  olmeiTers,  it  can  not  bo  traced  up  in  tbe  first 

•niitn.    One  of  the  instances  publisbcd  by  M.  Prisse  refers  Co  the  reign 

itAnriirt. 

F.  ClIABAS. 
irfia^iie,  0.:t.  31,  1871. 
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Mr.  Lesley  explained  that  be  referred  to  the  comb-like  syl- 
lable Kam  which  occurs  frequently  with  the  signification 
"  black ;  to  become  black,"  and  therefore,  as  the  name  of  Egyi»t 
Kam  "black  land,"  the  EaM  of  the  Hebrew  Scriptures.  Its 
verbal  meaning  is  "  to  advance  or  be  advanced  to  completion," 
and  is  so  used  in  reference  to  any  work,  building  or  monument. 
Although  the  figure  is  drawn  with  a  square  heel,  yet  the  slant 
of  its  front  end,  and  the  setting  upon  it  of  five  points  like  toes 
suggests  a  plausible  explanation  of  its  meaning  to  advance^ 
provided  it  be  allowed  to  represent  the  human  foot,  which 
otherwise  does  not  appear  in  Egyptian,  except  in  profile  and 
in  connection  with  the  leg.  Why  Bunsen  should  call  it  the 
tail  of  a  crocodile  it  would  be  difficult  to  explain.  Dlimicben's 
plates  of  the  legends  on  the  walls  of  Dendereh  do  not  give  the 
figure  on  a  scale  large  enough  to  decide  upon  its  original 
shape,  and  I  have  never  happened  to  see  it  on  the  monu- 
ments. 

Mr.  Cope  presented  for  publication  in  the  Proceedings,  with 
four  octavo  plates,  a  communication  on  certain  extinct  verte- 
brata  in  the  strata  of  North  Carolina;  and  illustrated  a  sketch 
of  his  paper  by  exhibiting  some  of  these  fossil  remains. 

The  Minutes  of  the  last  meeting  of  the  Board  of  Officers  and 
Council  were  read. 

Pending  nominations  Nos.  679,  680,  681,  and  new  nomina- 
tion No.  682  were  read. 

Mr.  Fralcy  reported  that  he  had  duly  executed  the  Power 
of  Attorney  in  the  case  of  the  Michaux  legacy  and  transmitted 
the  same  to  M.  Carlior. 

The  request  of  Dr.  Somers,  Prof.  Chem.  Southern  Univer- 
sity at  Greensboro,  Ala ,  was  referred  to  the  Committee  on 
Publication,  and  the  meeting  was  adjourned. 


]l  Ifalice  (*/ Stephen  Col  well. 


ObituitTy  J 

(Rtad  be/ore  ihe  Ameriean  PMUMophtcal  Sot..,  Nov.  IT,  1871,) 

By  Hbnrt  C.  Cajiey. 

.Ufe  protracted  coiuidoi-nbly  beyond  the  allotted  threescore  years  tiiid 
broaght  me,  in  the  coui-ae  or  nature,  to  the  poaitian  of  Burrivor 
it  or  personal  friondH  whoso  lives  liod  made  them  woiibyofthe  re- 
Dembmnce  in  which  they  yet  aie  held  by  those  irho  htkd  known  them 
hat.  Ofoiie  of  tho  woi'thieBt  of  those  whom  I  have  Aiinilifirly  known, 
•id  tor  thoir  words  and  tlioir  works  have  most  estermed.  it  is  that,  iu  ac- 
wdaiine  with  the  request  with  which  the  Society  has  honored  me,  I  Ihlvq- 
fnpued  the  brief  memoir  that  will  now  bo  read.  For  its  preparation  and 
^  tl>K  prO[>er  performance  of  duty  to  the  departed,  to  his  sarviving 
'Htndt,  and  to  the  pnblic  which  hns  a  property  in  his  memory,  I  claim  to 
bn  little  i|uaIincation  beyond  that  resnltiiifc  from  long  and  familiar  ac- 
■luiinuiioe;  from  a  fellowship  in  the  pnblic  labors  to  which  were  devoted 
*)  mnny  of  his  life's  best  days ;  and  trom  an  earnest  desii-e  to  aid  in  per- 
fiiHlmg  tlio  recollection  thereof  iu  the  minds  of  those  whose  service 
neb  labors  had  been  performed. 

An  anient  pursuit  of  the  same  general  coui-se  of  study,  in  a  yet  nnsct- 
"xtdepnitmcot  of  inqairy,  tends  necessarily  to  the  development  of  dif' 
'"Met  in  modes  of  tboajrlit,  even  where,  as  lias  been  the  cose  with  Mr. 
C<iwtll  and  myself,  the  end  in  iBSiio  is  substantially  the  same.  Between 
'>*•  bottever,  there  has  never  been  any  essential  difl'erence,  and  while  it 
''*>  been  among  the  liigliest  gratiHcations  of  my  life,  it  has  not  been  least 
<n  tlieusaranoea  that  have  sustained  me  iu  my  own  course  of  speciality 
Wilbur,  that  his  views  of  SDoial  and  economic  theory  have  so  nearly  oo- 
'"tided  with  those  which  I  have  been  led  to  form, 

^uit  general  coincidence  of  doctrine  is  here  offered  as  a  reason  for 
**OHliii(>  that  indulgence  in  eulogy  of  bis  literary  labors  which  so  Justly 
**  Uielr  due.  A  still  stronger  rcison  for  pi-eferrlng  to  allow  the  simplest 
'"^  plainest  history  of  his  works  to  indicate  his  worth,  is  found  in  that 
^"^"Iwty  which  constituted  so  striking  a  feature  in  his  character,  respect 
™^  Alticli  forbids  that  I  should  here  say  oC  him  anytliing  that  wonld  have 


"  uoacceptablo  if  said  in  bis  bodily  presence.    That  I  c 


^'^o  within  these  limits  the  expression  of  my  apprehension  of  bis  cbar- 
r*'*^  and  of  bis  life's  work.  I  do  not  say  ;  but  that  I  feel  the  repressive 
'*'^*H>Doe  of  this  regard  correspondent  with  the  habitual  deference  which 
T^"  tliTougliout  niany  years  of  intercourse  governed  my  demeanor  towards 
'■■t,  is  very  certain.  Fiirtlier  than  this,  however,  it  will  ^  enough  for 
^'^*W  if  1  Ota  succeed  in  making  this  [nemolr  an  adequate  report  of  his 
^^•«  and  onei'getic  lile. 

Wing  thus  explained  the  fccliugs  by  which  1  have  been  influenced,  t 
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shall  now  proceed  to  give  sucli  factn  ae  liave  been  altaiiinble  in  re^rd  to 
his  unwricteu  history,  nad  aucli  indiws  uf  tlio  w<irka  lie  has  left  bcLitid 
liim,  as  seem  to  eluini  a  prominent  plai»,  and  can  bo  made  to  fftit  within 
the  compass  oftlie  brief  time  alloweil  mu  for  their  presentation. 

Btephkn  Colwsll  was  born  in  Brooke  Conntj,  West  VirBioia.  on  lli« 
35th  of  March,  1800.  He  died  in  Phikulelphla  on  the  15th  of  Jitniuuy, 
1871,  having  nearly  completed  his  Tlst  year.  He  received  his  cluwiciil 
education  at  Jefferson  College,  Caaousburg,  Wasliington  County,  I**.. 
where  he  graduated  in  1810.  Ho  studied  lam  under  the  dirootioo  of 
Judge  Halleck  in  Steubenrille,  Ohio ;  was  adniiited  to  the  bar  in  1821  ; 
prftctised  the  profesuou  seven  yeurs  in  St.  Cluiravitie,  Ohio ;  and  in  1SS 
removed  to  Pittsburgh,  where  he  continued  au  to  do  until  the  year  1886. 

Indicative  of  that  ability  and  industry  wbioli  marked  liis  whole  sube** 
quent  life,  and  now  bo  Veil  accounts  for  the  ninsa  and  quality  of  Ids  *t' 
taiuments,  are  tlie  facts  lliat  ho  (iradualed  at  the  early  age  of  ninetaen, 
and  entered  upon  his  profession  at  twonty-oiio. 

The  practice  of  the  law,  however,  was  not  the  sphere  of  mental  activity 
fur  wliioh  by  tastes  and  taleuta  he  had  been  best  by  ualurti  titt«d.  The 
study  of  this  acieiioo  was.  nuvoi'theleKB,  a  happy  proparstion  for  tlw  in- 
quiries in  whose  pursuit  he  nfterirai'ils  became  so  muoli  engrossed.  Its 
exnct«r  method,  doubtlo^  cori'eined  the  mental  habitude  and  the  nttrrow- 
ing  Intluenoe  whieh  an  ardent  mind  Is  apt  to  catch  from  an  exclusive  ilO' 
votiou  to  the  study  of  any  single  branch  of  liCeratiire  or  scicnoo.  His 
writings  eveiywhere  liear  witiioae  in  logic  and  diction  to  the  corrective 
influence  of  his  legal  ac'iuiremoDts.  Social  science  is  that  department  oT 
knowledge  which  especinlly  receives  ita  verification  anil  practical  ad- 
justment in  jurisprudence  and  civil  goverinent  applied^tliei  philosophy 
of  Law  being  tlie  crown  and  summary  of  sociology  in  all  its  braacbeB. 

Further,  Mr.  Oolwell  gave  for  a  layman  an  unuanal  amount  of  aludy 
to  tlie  department  of  religious  literature,  and  here  also  we  lindilu<  guiding 
influence  of  big  uociologic  as  well  as  of  his  legal  training.  A  devoted  re- 
ligionist from  earliest  youth  to  the  close  of  life,  he  gave  himself  to  a» 
ardent  study  of  doctrine  and  of  d  iity,  meanwhile  Inboring  as  (oalously  ftiu 
almost  as  constantly  as  if  he  had  filled  the  office  of  pastor  iu  the  Church, 
in  the  propi^ution  of  such  opininns  as  demanded  couforniity  of  life  from 
profesBOts  of  lellgion.  Hia  pubHtiations  bear  witiiess  of  Ilia  fiilthfulnsaw. 
Its  hia  life  in  its  every  relation  illustrated  the  morality  and  the  charity 
which  his  faith  enjoined. 

It  is  not  for  us  to  sit  in  judgment  upon  ruligiimH  doctrines,  whether  tu 
applaud  or  to  condemn  them.  His  well  known  zenl,  and  his  abundant 
labors  in  piety  and  ohitrity.  are  here  adduced  for  the  simple  I'eaaou  that 
the  porti-aitm-e  of  the  man  would  be  inoomplole  and  most  unwunby  i>f  it* 
Aubject  without  distinct  tvcognition  uf  a  feature  ao  prodoulnMit  In 
character. 

Were  I  here  to  venture  an  opinion,  fully  warranted  p«rliapii  by  the 
siiltjoct,  I  should  be  disjioBcd  to  nuy  that  the  »tud>'  of  tlic  Uiuologiau  r 
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^  gnatiy  intlneticed  for  safer  direcllon  and  better  uses  when  held  in 
IorIcaI  liarmon;  wilh,  and  restriiiiindof  itsHpoculiLlive  tendencies  b;,  those 
ntl«*  uf  thought  wbich  must  govL'm  men  in  the  nctual  duties  and  rcliv> 
tioni  of  life.  To  my  mind  it  i»  clearly  obvious  that  lbi>  retJKious  writings 
of  Mi.  Cotwi'll  uxliibit  n  bealthj'  lonr  and  a  useful  drift  reflected  from  his 
ccowimii;  studieii ;  und  in  Uiese  latter  a  faith  fulness  of  service  and  a  dedU 
Motion  of  spirit  and  endeavor,  which  happily  illustrate  the  moml  rcspons- 
Itiiljiy  leaulting  from  the  scDtinientB  of  the  forniei*.  To  this  1  may  p«r- 
h«,fM  Iw  allowed  to  add,  that  if  eiicli  iind  every  man  occupying  nn  inltuon- 
LI«J  prihltjon  could  be  induced  with  equal  tidelily  and  ability  "to  show 
hiM  fldutity  by  his  works,''  the  prevailing  indifference  to  the  claims  of 
dkriaiiauity  would  spoedlly  give  place  to  a  widely  different  spirit  induced 
by  the  attrnctiveness  of  its  illustration.  Here,  however,  1  am  engaged 
mMJuly  with  the  prominent  traits  of  Mr.  Culwell's  own  character  and  the 
Inflaencos  IJial  formed  his  life  and  gave  direction  to  it.  His  education 
ftai<I  effective  development  were  not  found  iitone  in  the  atudies  by  wbloli 
b^  HU)  no  largely  and  so  nseFidly  occupied.  Whatever  of  principle  and 
Palli^f  totnilted  from  the  a|)pUcat)on  of  the  student  was  induced  and  en- 
ric;h«d  and  euergiKcd  in  another  and  even  more  exact  training  school  than 
kn^r  that  liie  speculations  of  science  can  afford.  In  the  thirty- sixth  year 
of  lii>  age,  fi'csb  and  full  of  all  that  I'eadiug  and  redection  could  supply, 
■>^  entered  upon  tlie  couduct  of  business  affairs  in  an  occupation  that  as 
mEiflhas  any  other,  and  probably  even  more,  brought  into  service  and 
"Bvcreiy  tecled  both  economic  facts  and  principles.  Ho  became  a  manu- 
d»«[arer  of  iron  fitwt  at  Weymouth,  Atlantic  County,  Now  Jersey,  and 
*^^W«ards  at  Cotisliohockeu,  ou  the  Bcbuylkitl.  Throughout  a  quarter 
*'^  sceutury  of  vicissitudeK,  indicted  upon  that  department  of  mauufac- 
'^nmon' miacliievously  than  upon  almost  any  other  by  an  inoonstunt 
•odofton  unfriendly  Bovemmenlal  policy,  opportunity  was  presented,  sa 
"••necessity  was  imposed,  for  studying  the  interests  of  productive  indus- 
try ill  (he  light  of  such  actual  and  greatly  varied  experiences  iis  might 
"*tnict  even  the  dullest,  and  could  not  fail  to  tench  one  already  bo  well 
'***Uficd  for  promptly  understanding  all  that  actually  concerned  that  and 
***y  other  branch  of  iudustrial  pitwiuction.  Before  entering  upon  the 
^*'^UowB  and  trying  experiences  of  this  pursuit  he  had  visited  Euiope, 
***d  there  had  studied  the  art  and  management  of  its  advanced  and  varied 
•••^iirtrie*. 

-.  *'he  settlement  of  the  large  estate  of  his  father-in-law,  the  late  Samuel 
ly'^^haidB,  and  tbe  admiaistiatiou  of  those  of  several  other  members  of 
*  family,  i-eiguired  and  received  lis  much  attention  during  many  years 
I^  Vruu Id  have  constituted  the  entire  business  of  many  men,  who  would 
^Ve  thought  themHclvcB  fully  occupied.  In  addition  to  private  affuirs, 
^**  Considemhle  and  so  exacting,  he  was  constantly  engaged  as  a  leading 
^***l  working  mc^mher  of  various  public  associations;  industrial,  benevolent 
*^*t  educattonal.  The  character,  the  extent  and  the  viiriety  of  these 
ints,  to  whidi  hu  was  invariably  attcutivc  and  pUQctu;il,  may  ho 
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inferred  from  a,  xiniple  enuiner»tjna  b;  tbeii'  titJos,  aa  follows:  bs  wna' 
working  mmnber  of  the  Ainericun  Iron  and  Steel  Associntinn,  from  U 
origiu  to  Uie  close  of  Ills  life;  an  ticUre  meinbei'  of  the  AfricAK  Coloi 
tion  8oci(^ty  for  mor«  llian  a  st'oro  of  years ;  sevoiul  years  engaited  in  thl 
monngemeat  of  our  House  of  Ilefiige  :  nearly  twenty  years  a  DiiecUir  a 
t'le  Cumden  and  Atlantic  Railroad,  wlioee  Board  of  Direntors,  la  k  foeliu] 
notice  of  his  dcatli,  say  tiiat,  "  having  Ifeen  an  active  member  of  the  B 
fram  its  organization,  and  having  uontributed  very  largely  of  hie  n: 
time  niid  labor  in  the  prosecutioit  nnd  completion  of  this  work  ;  u 
dark  periods  of  this  enterprise  we  could  alwnys  look  to  Ur,  ColweU  foi 
bU  tntiturctl  judgment  and  Able  counsel." 

He  was  a  Director  iu  the  Reading  and  in  the  Pennsylvania  Centrtl 
Railroad)*,  and  for  ^rara  held  tlio  olBce  of  a  Trustee  of  the  UnlvoTBf ty  u 
Pennsylvania;  ns  also  a  simil.-u-  position  in  the  Princeton  Theological 
Soroinary,  Simiiltaiioously  therewith,  he  was  one  of  the  Trustees  of  t 
Presbyterian  General  Assembly,  and  member  of  the  Board  of  Bdncatiai 
of  the  Presbyterian  Church.  After  the  cIobo  of  the  Rebellion  lie  ga* 
large  pecuniary  assistance,  and  his  usual  enei^  of  service,  to  the  Fre«4 
man'a  Aid  Society,  as  dailng  Ujo  Rebellion  he  had  contributed  with  li 
libcmlity  to  the  work  of  both  the  Sanitary  and  Chnstian  Commfaaiona 
Ofhistiorviees  in  these  gr«at  patriotic  choritiesn  gentleman  well  acio^oM 
with  their  history  says :  "At  the  breaking  out  of  the  Rebellion  he  fel 
deeply  for  the  distress  in  the  camps  and  on  tlie  battle-Cleld,  and  it  waa  ■ 
his  suggestion  that  the  first  man  who  left  his  home  to  assist  the  lielpld 
and  the  wounded,  took  bis  way  to  the  seat  of  war.  He  also  contributM 
freely  to  supply  cumforts  to  those  in  the  hospitals.  To  one  of  the  oetivi 
stewards  ho  said,  '  Let  uothinji'  be  wanting,  and  if  the  Government  fund 
are  insulQcicnt  I  will  see  that  tbo  bills  are  paid.'  '*  The  same  witnues  fli 
his  active  bcuevoloneo  to  the  suffering  soldiers,  and  of  his  personal  d4 
meanoT  in  its  administration,  fnrther  says:  "Those  who  accompaniei 
him  on  his  visite  to  the  Army  of  the  Potomac,  can  never  forget  the  kind 
new  and  retpept  wltli  whioh  he  treated  the  humblest  individuals." 

In  the  patriotic  services  and  sacrifices  to  which  the  country  called  H 
beftt  citizens  in  tliu  hour  of  itn  utmost  need,  he  was  iu  every  form  of  dittj 
one  of  the  earliest  most  constant,  persistent  and  clBcient  of  the  men 
private  life  who  gave  iheimtelves  unreservedly  to  the  salvation  at  t 
Union.  The  Union  League  of  this  city  in  words  which  well  might  aer 
ns  a  cnndensed  memoir  of  liia  life  and  uhaim^ter,  bears  t\ii»  Icatimoq 
to  his  ogeney  in  the  great  work  of  their  aKsoclatton  :  "  With  an  latell 
gent  nnd  thoughtful  mind,  fnlly  eouvlncod  of  the  neceasity  and  naofulni 
of  Buch  an  organitation,  and  a  heart  warmly  alive  to  the  euoouragiotr  U 
fluences,  it  was  peculiarly  lilting  that  at  the  tli-st  formal  meeUng  whid 
led  to  the  establlslimenl  of  the  Union  League  should  bu  oalled  upon,  i 
he  was,  to  preside.  Bis  name  thus  bends  the  list  of  Higners  of  Iho  cm 
stltution  of  the  League  ;  and  Ue  grew  with  its  growth,  ever  in  th«  Tott 
fi'ont  of  wliaIo\-cr  movcniBul  was  planned  for  giving  aid  and  comfert  ai 
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(Upport  (o  bla  countty  and  its  government  tbvougbout  tlio  courM^  ot  its 
drug);!*!  fvi'  existence,  Iti  resisting,  by  force  of  iLrnis,  a  cniiBVless  »Tid 
iriclud  ui-moil  Rebellion."  Of  bis  |>ereona1  clinroctcr  and  denieiiiior,  tbey 
Kty:  "Weiiesii-e  to  bear  testimoDyU)  those  virtues  wliicbnisnil'est«d  tbem- 
■bIves  in  all  ita  iiitercoursci  with  us  ;  to  the  singleness  and  unselflKlm^as 
ar  tti»  pirpose  ;  to  his  courleousness  and  urbanity  in  our  viuied  ictntlons; 
lo  liisfimiuoss,  cautiouBneBG and  wisdom  in  tlie  deliberationsof  our  cquii- 
eila;  to  his  patience,  unwearying  industry  and  cheerful  devotion  of  time, 
al)iliti«s  and  means  in  aid  of  the  cause  so  dear  to  all  unr  hearts ;  to  liis 
coniCant  unwavering  joy,  and  faith,  and  trust  in  the  overruling  Provl- 
dSDM  of  the  God  of  our  fathers  tunid  the  darkest  hours  of  the  country's 
pern,  as  well  as  in  times  of  success  and  Tictory." 

Sucli  engagements  as  these,  and  numerous  others  kindred  in  their 
diancter  and  calling  for  similar  lAbors,  llllod  the  middle  and  later  peridds 
of  bii  life  with  occupation  :  his  associates,  and  all  with  whom  business 
iDbocnurae  and  public  enterpritieR  connected  him,  testifying  to  the  pnimpt, 
eurgvtiOi.  patient  and  wortliy  performance  of  every  duty  thus  assumed 
or  Imposed.  Nearly  half  a  century  employed  in  public  and  private  affairs 
■nailing  large  demands  fur  labor  and  care,  and  involving  great  respnosi  - 
bill!;,  (.-are  him  that  sound  practical  oxperieriDe  which  well  and  effect- 
Roven  into  the  studies  of  bis  llfo  made  him  what  he  cmiuEutly  be- 
a  clear,  safe,  and  thoroughly  instructive  econoroist.  Concurrently 
.tbis  pntctical  tmining  bo  was,  in  the  heat  sense  and  fuilcst  meaning 
word,  a  student.  As  eai'ly  as  bis  business  life  began,  if  not  even 
ho  commenced  the  collection  of  a  library  of  social  science,  politl- 
aiecduomy,  finance,  pauperisni,  organized  charities,  productive  indus- 
ItiM,  and  associate  and  cognate  departments  of  science,  now  the  largest 
«A  best  to  lie  found  in  the  counli^.  This  gi'and  collection  has  not  been 
"•talogued,  or  even  classified,  but  it  considerably  exceeds  five  thousand 
iidaliicf,  and  is  estimated  fur  the  purpose  of  insurance  at  a  value  of 
'*ni^  tbonsaud  dollars.  To  this  library  aud  to  the  books,  pamphtots, 
pNloilical  and  newspaper  articles  of  bis  own  production,  lie  devoted  .ill 
liu  icl«nre.  In  several  lists  of  cited  authorities  appended  to  bis  own  pub- 
llmtions  and  criticisms  upon  them,  he  furnishes  evidence  that  be  was,  in 
tbe  luii^UKe  of  one  of  bis  familiar  acquaintances,  "one  of  the  greediest 
"I  Killers  " 

To  the  commonly  accepted  authorities  on  Political  Economy,  Finance, 
•>d  Policy  of  Public  Affairs,  he,  liowcver,  gave  no  more  than  that  amount 
"iGiUhaud  acceptance  wldch  tbey  should  command  from  a  mind  well 
"owdwilh  Uie  facts  aud  philosophy  of  their  subjects.  To  a  friend  who 
tspmwsd  i>urprise  at  his  vast  collection  of  books  and  panipbtels  on  the 
'^S^  Wlyuol  of  Money,  be  replied  when  asked  if  he  had  peniaeii  thorn 
^  "enough  to  know  that  there  is  really  little  ur  nothing  in  tlium  of  any 
nine." 
Qls  library,  besides  its  complete nt 
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usually  embraced  iu  what  is  called  Political  Eeonum? ;  <«ch  wpsratd 
bounil  anil  capable  or  clnasiOed  nrrangemeDt.  He  recftrdod,  and  juati 
too,  sucU  smaller  treatises  as  ospecially  valuablti  for  ouutaiiiiug;  the  U 
tlioughts  of  tbe  writers  in  the  mont  oondeiinod  form,  and  likel;  tlinit 
secure  not  onl;  the  giestest  ntiniber  but  the  most  attentive  readoi*.  it 
the  most  part  be  put  his  own  publicatioua  on  social  and  economic  sul 
jeots  into  thii  unpretending  form. 

His  judgment  was  too  dear  and  too  well  poised  to  suffer  the  impostu 
of  pretentious  authorship.  Knowing  that  book-makers  are  not  alwa 
thinkers  he  gave  bis  I'egards  to  those  writers  only  who  biul  «oinotbIng 
their  own  to  say,  or  knew  how  to  give  ulTectivc  array  tu  tlie  valuati 
words  of  others.  It  would  have  been  an  excellent  service  to  atudonl 
now  abandoned  to  tbelr  own  unformed  judgment  in  tlie  seleution 
works  in  ibis  dejiartmcnt,  and  thus  condemned  to  proiniscuona  readinj 
if  Mr.  Culwell  had  in  some  elTiBctive  way  employed  his  eminent  diace 
ment  in  giving  us  an  indft  erp-urgatoriat  of  the  books  and  treatisea  u] 
economic  subjects  which  crowd  our  libraries,  thus  driving  a  stake  tlirou| 
the  worthless  and  tlie  false  among  them,  numerous  as  the  lutter  ari 
hi«  Essay  Preliminary  to  List's  Political  Economy,  he  has,  indeed,  bIiod 
his  eminent  capacity  for  estimating  aright  the  economic  autboritlea 
their  tnie  voJue,  conllfiing  bimbetf,  however,  almost  entirely  to  an  an 
lysis  and  commendation  of  tboKU  work^  which  are  worthy  of  relianoe. 
was  more  consonant  with  his  laste  and  tendencies  to  select  the  (food,  thi 
to  annoj  himself  with  the  study  and  exposure  of  that  which  WM  oalo 
latod  to  be  injuiions.  Often  bare  I  wondered  at  the  patience,  oven  ma 
tliau  at  tbe  diligenee,  great  as  it  «'as,  with  which  he  uonseientiouel}'  BV 
rendered  so  large  a  portion  of  his  months  and  years  to  library  labors.  E 
toil,  however,  was  made  for  excellent  uses,  and  the  fHiilc  of  Ilia  llMltt 
industry  exhibit  tliomsolves  not  only  in  the  number  but  also  in  the  nil 
of  bis  publications,  tjt  that  value  but  little  can  be  traeod  to  ifao  thoi 
andii  of  volumes  which  had  [lasscd  through  bis  bonds.  Indeed,  it 
curiously  signillcant  that  tbe  best  read  inan  in  economic  ]iT«nitaTO  itaii 
now  before  us  so  little  indebted  tu  the  books  of  his  prodecesiatB  for  tl 
most  valuable  portions  of  his  own  pi'oduationf.  Never  writiDft  wltlii 
having  a  imethiug  worthy  to  ha  read,  all  that  he  did  writ«  was,  as  largd 
ns  can  tie  affirmed  of  any  other  prollllo  author,  in  matter  and  manner  ' 
own.  Tliero  was  fn  him,  bowovur,  nothing  of  arroganue,  nutliing  of  i 
Boomer.  In  the  whole  eourse  of  his  liicmry  pursuits  may  be  dtscovvn 
a  constant  eSbrt  to  promote  and  propagate  important  seietitillc  truti 
bearing  upon  social  nulfkre,  under  oovor  of  such  books  ns  seemed  t«  hk 
to  deserve  extensive  circulation.  To  tbe  tranalatloii,  nnnoUttioo,  u 
oflcctive  distiihutiun  of  IIkim-  lie  freely  and  devotedly  gave  liis  tlma,  li 
labor,  and  his  rocine.  Among  the  leading  instances  oftlilskind,  ta  tl 
translation,  by  Mr.  Mutilc,  of  LiKt's  National  System  nf  I'oliticnl  Eonii 
my,  witli  his  own  invotualila  I'n'llaiinary  Essay,  above  referred  to,  ai 
with  copious  marginal,  notes  upon  the  t«it,  from  his  uwu  pen.    In  Ul 


rbo  procured  tlio  Iranslatiou  (again  by  Mr.  Matilel  mid  Uu:  publl- 
ftir  Ubend  dutributiuu,  of  ChaKiel'g  "Cliarity  of  tlie  Pdiuitive 
ai^  ulsu  Itje  I'eptiblicatiuii  of  "Tlie  Race  for  iticheH,"  by 
WilUun  A.rnot,  uf  G1a«);uw,  with  a  aurroborative  pwCtca  nad  uotei,  by 
tumnelf  HupiiliML 

This  would  be  ihe  [iloco  for  giviug  Hpeoiul  attention  lo  tliat  long  and. 
nh»d  catalogue  of  Lis  own  ixiiitii  but  ions  to  Uie  literature  of  political 
•eonony,  ftDaniai,  ofaatity.  aud  Christian  etliica,  in  the  form  of  pamphlet* 
ud  eE«ays,  aiid  other  articloa  iu  the  reviews,  perlodiciils  and  newspapers . 
WilJi  tlint  dotiiil.  however,  I  will  not  liei-e  task  myself  uor  use  the  pasHiug 
hnrafyniir  time,  prefeiTiug  to  append  hereto  h  list  of  bis  worlcs  as  full 
ud coiiiplete  as  I  have  lie<^n  able  to  make  it.  Mr.  Colwell.  as  his  family 
loliinn  me,  neilher  collected  nor  registered  the>ae  productions,  as  a  conse- 
Vmou  of  whicii  my  stiminaiy  of  tbem  by  their  titles  is  necessarily  in- 
trairitite,  although  not  otherwise  incorrect- 
Hit  labors  of  mind  and  ])en,  his  endeavors,  services,  and  aiibaidies  in 
■idotUie  establishment  and  extension  of  collegiate  education  ;  his  per- 
fpnasure  upon  all  who  were  iu  the  way  of  forwarding  tlie  grent  cn- 
;  bis  donations  and  legacies,  all  tiad  this  one  grand  leading  aim — 
ition  of  sound  doctrine  in  social  duty,  and  its  enforcement  in 
only  of  our  scholars,  but  also  of  the  reading  people  of 
To  that  oliject  ho  dedicated  his  library  in  giving 
Univeisity  of  Pennsylvania.  Anxious  to  make  tlie  gift  moi'e 
be  coupled  the  grant,  iu  lus  deed  of  trust,  with  a  condition  tliat 
the  endowment  of  a  cliair  of  social  scienco ;  but  buc  family, 
tlowitig  Ills  intvntion  that  the  donation  should  in  no  event  prove  a  fail- 
'Of,  tuu  wnivod  tlie  present  pei-Tormanec  of  tlie  condition,  in  the  well 
**>nn(«d  expectation  that  in  good  time  it  will  be  carried  out. 

Witli  the  like  intent  he  latmred  lon^  for  the  establishment  uf  a  profes- 
"n^p  In  tlie  Theological  Seminary  of  Princeton,  an  idea  that,  witli  the 
*Atanco  of  others  in  great  measure  brought  to  contribute  by  his  own 
^Wventnce  and  bis  liberal  advances,  has  now  been  carried  into  full  eflect. 
"Bii  works  do  fallow  him  "—the  inauguration,  on  the  2Tth  of  September 
"•tef  a  professorship  of  "Christian  Ethics  and  Apologetics,"  in  its 
t'W'iie  nililUing  one  of  the  dearest  wishes  of  his  heart. 

^at  Hr.  Culwoll  intended  by  the  establishment  of  a  chair  of  Christian 
^tUct,  In  l'riiic«ton,  and  wliaC  he  regarded  as  the  cliief  object  of  a  chair 
"I  Soeiil  i<ciciice  in  the  Univeraity  of  Pennsylvania,  can  scarcely  be  mis- 
•'^wlood  if  bis  own  wiltings  bo  studied  for  their  ruling  sentiment  nnd 
**diag  piirpuso.  Cultivating  political  economy  as  a  theory  of  benell- 
^^  lie  wrot«  his  most  elal>orate  and  voluminous  work  upon  the  credit 
''"nn,  embracing  therein  atl  tlie  agencies  and  instruments  employed  in 
"'**^a  Inline  and  domestic  commerce,  andgavea  vast  amount  of  time  and 
'^"'■itbt  to  the  literature  of  these  several  subjects  in  all  their  branches  ; 
"« through  all  and  over  atl  the  crowning  aim  and  purpose  of  his  en- 
''•*'ots  Btamls  out  conspicuously,  crystallized  as  It  is  in  a  deBnition  of 
■""tical  eeonaony  in  which,  after  reviewing  the  entire  range  of  conflicting 
».  r.  «.— VOL.  XII— I. 
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oxplicdtioiie,  lie  snyB:  "  Wlien  wo  meet  a  defiuition  running  thus— llrt 
Buietico  of  human  teelfare,  in  ito  iclntious  with  tlie  prodnctioii  ftniJ  liistri" 
biitioD  of  wealtli,  we  shall  begin  to  hope  ll»e  doctiine  of  social,  or  politi- 
cal, ur  national  ecouomf,  islieginning  lo  asswnic  its  proper  iimportioim." 
The  sentiment  of  tbat  definition  directed  nil  hi&  studies,  dl  liis  writintri^ 
and,  as  a  ptvsBton,  governed  ntl  his  life.  In  religion,  tbe  faith  that  teorka 
bj'  love  ;  in  ecouomic  Uieory,  tbe  beat  Jntei'CBtB  of  hurnantty;  iu  morat% 
the  Justioe,  merty,  and  cbiuity  whiuh  pravtically  exutnplil^  the  t: 
hood  of  men  ;  were  the  goveruiiig  impnlacs  of  all  the  works  of  both  b 
head  and  his  Lands. 

In  his  "New  ThemoB  for  tbe  Protcstnnt  Clergy"  we  find  such  sentt 
meats  na  these:  "Creeds,  but  not  without  charity;  Theology,  but  n 
without  huniuuity ;  Protestantism,  but  nut  without  ChristUuUv.'* 
Again  :  "It  is  not  enough  for  the  Chriatiau  to  be  concerned  only  for  U 
interests  of  men  in  the  world  lo  come,  hut  for  tlieir  best  interests  iu  th 
world."  With  some  seventy  of  rebuke,  but  far  more  earnestness  of  at 
fectiou,  he  says:  "We  maintain  that  Christ  himself  should  liAVc  thi 
chief  voitx:  in  deflniug  Christinaity,  and  that  this  has  been  denied  him  i1 
mo»l,  if  uot  all,  the  compends  and  aummatiee  of  Christian  doctrine  whioll 
are  tlie  bond  of  Protectant  churclieb  ;"  following  this  up  by  nreing  tJ 
fact  that  "  tbe  world  now  believes  that  the  religion  announced  by  tl 
Author  and  ITiuisher  of  our  faith  embraces  humanity  as  well  ns  divinit] 
in  its  range." 

This  rem oustrance,  and  its  implied  censure,  will  be  understood  when 
we  perceive  that  he  went  further,  far  further,  iu  his  apprelienHiou  of  U 
Christian  charity,  than  almsgiving  extended  to  pressing  coses  of  distress 
Tbe  modem  usage  of  devolving  the  relief  of  the  poor  upou  ihe  poorhouatt 
system  ebtabli^hed  by  the  civil  law,  he  calls  "  the  stigma  of  PruIcsUuit' 
ism  ;"  and  he  demands  Iroiu  tbe  professors  of  Christianity  au  eamvat  ea 
deavor  lo  give  the  ]HKir  permfjnenl  emancipation  (Wm  the  evils  wliid 
they  endure.  He  presses  the  chaige  against  the  Established  Church  o 
England,  that  it  holds  resourees  donated  to  its  Catholic  prcdcce 
relief  of  the  poor,  which  now  yield  £50.000,000  per  aamiin,  wbib  tbruni 
ing  the  support  of  tbe  suffering  upon  the  charity  of  tlio  t^tatr  ;  at  tlu 
same  time  quietly  sustaining  that  system  of  indnstiiul  and  ci 
policy  which  takes  from  tbe  labor  of  the  I'ealm  two  hundred  and  flftj 
nillUons  of  dollars  for  tbe  use  of  the  government,  and  five  times  luoro  Ta 
the  profit  of  capital.  Nay  fui-tlier  this  gentlest  of  geotlunieu,  tliia  raoi 
orthodox  of  cliurchmcn,  this  moat  devout  of  wurshipem,  In  the  oonrla 
tion  that  tlie  failure  of  Cbristia-na  Co  exemplify  Christianity  iu  their  V 
iiigs  with  tlie  world  is  the  grand  cause  of  the  aversion  and  rrjccUon  It  e 
oouutors,  is  k>d  therein  to  liud  aume  justiliaatiou  for  the  socialisra  and  U 
Insuirectiouary  demonstrations  now  so  rapidly  aud  threateningly  «iinMil 
iug  throughout  Eurujie  and  Aiiiorii»k  aud  exhibitJng  such  a 
volt  among  the  masses  of  Cliristcndooi  as  !»  uowhere  fouiui  iu  the  p 
world. 
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y  of  tbe  reformeTs  now  ndvancing  upon  the  conservatism 
ciTiliintion,  bo  hears  tbe  proclamation  of  '■  the  fatherhood  of  God 
U»^  tbe  brotherhood  of  mau" — a  protest  against  "that  DOtion  of  indi- 
riduBl  liberty  which  leaves  every  man  to  care  for  liimBelf.  and  ruin  to 
seaSBOthe  Iiiudinost." 

"To  Ilio  almost  uuivcrKnlly  prevalent  doctrines  of  political  economy  be 
trz:^<!eB  the  apathy,  indifierence,  and  even  boBtilil.y  of  the  furtanato  classes 
t4>  xJm  duties  enjoined  in  the  second  table  of  the  law,  as  it  Is  summanxed 
by  the  Gi-eat  Teacher,  Singling  out  tbe  most  distingaiithed  and  most 
p»]>ulur  of  now  existing  disciples  and  wlvocateB  of  the  liiU»t2-fiii>^  school 
aC  ccannraists,  he  thus  exhibits  Herbert  S|>eucer's  "Social  Statics"  : 
"  'I'lie  trian  of  power  and  the  man  without ;  the  man  of  wealth  and  the 
pMtAper,  &hanld  each  have  the  largest  aud  most  peifect  liberty  consistent 
wltli  iheir  not  louuhing  each  other.  •  "  *  It  forbids  the  thought  of 
cluviily.  or  brotlierliood,  or  saoriBoe  ;  it  consecrates  selflshuess  and  indi- 
Tiilualism  M  the  prime  feature  of  society.  •  •  •  Its  principle  is  the 
lM«.st  iiuBsible  restriction,  tbe  fewest  possible  enactm(>nta  ;  the  wealc  most 
he  luft  to  tbeir  weakness,  tlie  strong  must  be  trusted  with  their  stmngtb, 
Ib^  unprotected  man  must  not  look  fur  favor,  and  government  must  re- 
*ol  ve  Itself  iuto  the  lowest  possible  agon  t  of  nouintorvention." 

Than  the  view  thus  presented  of  the  now-so-much  lauded  Spencerlan 
■x^^^l  pliilosophy  nothing  ooiild  be  more  thoroughly  accurate.  The  whole 
tendency  of  that  modern  economicid  school,  to  whoso  teooliings  our  de- 
I'&rted  friend  was  so  much  opposed,  has  been,  and  ht,  in  tlie  duection  of 
C'wing  increased  power  to  the  rich  and  strong,  while  throwing  responsi- 
vuity  on  the  slionlders  of  the  poor  and  weak.  "If  the  latter  will  marrj*, 
**>«3  uiUhnve  children,  why,"  say  they,  "should  they  not  be  allowed  to 
PAy  tlie  penalty  of  their  crime,  as  so  many  millions  of  starving  Irish  have 
■'■^'eady  done?"  "  Why,"  though  in  somewhat  dilToi'ent  words,  now  asks 
*»»*.  Spencer,  "  Wliy  should  not  thi  poor  remain  in  iifnuranee  if  uuableto 
P'^Midc  for  educating  their  children  and  themselves?"  "  Why  sliould 
*'*■*  laiUionaire  be  nniuired  to  aid  in  malntiLiniog  hospitals  in  which  dam- 
^■B*a  lu  poor  laborers'  limbs  may  promptly  and  properljr  be  repitircd  ?"  "Is 
'^  ^Mt  for  every  man  to  do  as  he  will  with  that  which  is  his  own  ?"  The 
'^^^f  philosophy  having  answered  this  latter  question  in  the  afHrmative, 
"^^^id  we  be  surprised  tlint  Ihe  miserable  seltislinessthusgivento  the  world 
■cJuuce  shonld  have  excited  the  indignation  of  one  who  knew,  and  felt 
•kl  II  mast  bo  a  more  pretence  of  science  that  could  sanction  any  course 
^  «(>Ddact  so  wholly  incnnsistent  with  the  divine  command,  "  that  wedo 

*  ^l&Bn  M,"  under  similar  cii-uumstttncwi,  "  we  would  tlmt  they  should 
^  to  ourselves?"    Assuredly  not ! 

V  would  be  difficult  forme  fully  and  completely  to  express  the  strength 

*  tht  bumanitarian  sympathies  exhibited  in  Mr.  Colwell's  plea  for  jua- 
~*totha  victims  of  our  reckless  competition  and  our  voracity  in  the 

t  of  material  wealtli.  To  prevent  misconstruction  of  his  severe 
***lm»d»9rBionB  upon  the  existing  agency  of  church  and  state  in  the  pre- 
''»illug disorders  of  society,  and  to  show   the  bearing  of  his  complaint  I 
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cite  another  passage  from  the  **  New  Themes,"  as  follows  :  "  The  doc- 
triue  that  property,  real  and  personal,  must  under  all  circumstances  re- 
main inviolate,  always  under  the  ever-watchful  vigilance  of  the  law,  and 
its  invaders  subject  to  the  severest  penalties  of  dungeon  and  damages, 
may  be  very  essential  to  the  maintenance  of  our  present  social  systeniy 
but  it  totally  disregards  the  consideration  that  Labor,  the  poor  man's 
capital,  his  only  property,  should,  as  his  only  means  of  securing  a  com- 
fortable subsistence,  be  also  under  the  special  care  and  safeguard  of  the 
law.  The  doctrine  that  trade  should  be  entirely  free — that  is,  that  mer- 
chants should  be  perfectly  at  liberty,  throughout  the  world,  to  manage 
their  business  in  that  way  which  best  promotes  t?ieir  interests — may  suit 
very  well  for  merchants,  making  them  masters  of  the  industry  of  the  world; 
but  it  will  be  giving  a  small  body  of  men  a  power  over  the  bones  and 
sinews  of  their  fellow-men,  which  it  would  be  contrary  to  all  our  knowl- 
edge of  human  nature  if  they  do  not  fatally  abuse,  because  the][  are  in- 
terested to  reduce  the  avails  of  labor  to  the  lowest  attainable  pmnt,  as  the 
best  means  of  enlarging  their  business  and  increasing  their  gains.  That 
philosophy,"  he  continues,  ''which  teaches  that  men  should  always  be 
left  to  the  care  of  themselves — that  labor  is  a  merely  marketable  commo- 
dity which  should  be  left,  like  others,  to  find  its  own  market  value  with- 
out reference  to  the  welfare  of  the  man,  may  appear  plausible  to  those 
who  forget  the  fatherhoo<l  of  Qod  and  the  brotherhood  of  men,  but  is  ut- 
terly at  variance  with  the  precepts  of  Ilim  who  taught  that  those  who 
stood  idle  in  the  market-place  because  no  man  had  hired  them,  and  were 
sent  to  work  at  the  eleventh  hour,  should  receive  the  same  as  those  who 
had  borne  the  burden  and  heat  of  the  day.*' 

It  is  not  my  business  here  and  now  either  to  commend  or  to  impeach, 
hut  simply  to  state  the  attitude  assumed  by  Mr.  Colwell  in  reference  to 
questions  so  much  exposed  to  debate  as  these,  and  by  him  so  sharply  and 
earnestly  treated.  The  great  sensation  produced  in  our  religious  world 
by  their  publication  has  given  way  to  much  more  moderate  feelings,  and 
evidently  enough  to  a  better  appreciation  of  their  spirit  and  design.  One 
of  the  representative  i)apers  of  the  church  of  which  he  was  a  life-long 
member,  thus  Hi)caks  of  the  conti*over$y  which  his  publications  had  aroubed 
ten  years  since  :  ''In  one  or  two  of  his  own  Imoks  on  this  engrossing  and 
all-important  theme  [Christian  charity],  he  used  language  in  regard  to  the 
apathy  and  criminality  of  modern  professors  of  faith  in  Christ  and  his 
salvation,  which  was  so  severe  as  to  arouse  bitter  hostility  to  his  faithful 
and  well-meant  eiVorts.  Would  that  now,  when  the  mutual  wounds  have 
ceased  to  smart,  in  the  case  of  most  of  those  engaged  in  them,  alas  !  by  a 
departure  from  all  the  eontlicts  of  tiie  clinrcli  militant,  earnest  men  could 
be  nmsed  to  examine  their  lessons  and  suj^gestions,  forgetful  of  the  occa- 
sional sharpness  of  the  form  in  which  they  were  conveyed."  The  most 
aggrieved  having  thus  now  come  lo  acknowledge  that  "faithful  are  the 
wounds  of  a  friend,'*  they  may  also  recollect  that  only  ouce,  and  that  in  a 
strikingly  i>crtinent  instance,  the  founder  of  their  faith  is  re|)orted  to  have 
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(^ircn  way  to  indtjpitition  against  a  piety  tliat  HubordtiintiMl  litimaDitj  to 
tlieology.  ■■  Wlieti  t,he  rulcra  of  the  synagogue  ^atclied  liim  wlicthcr  ho 
woultl  lit^l  the  witlieitid  liand,  in  tUeir  churob,  on  their  S^ililialli-day,  he 
hiaked  rtnind  about  cm  them  with  aitgtr,  beiug  grienftt  for  the  hnnloes*, 
or,  aa  the  margin  Itaa  it,  the  hiitiilnesti,  of  their  faearta."  (Mark  iii.  S-5>. 
That  it  wuB  this  flort  or  iadigitution,  mixed  with  the  tiami;  kinit  of  grief, 
wbich  induced  the  severity  of  remoiutrailoe  complnincd  of  at  the  time,  la 
mftnifest  in  the  whole  to)i«.  and  yet  more  ho  in  the  cpecial  drift  of  his  ob- 
jurgations. The  true  coustructioo  of  hia  aim,  iodeed,  is  found  in  hin  pro- 
twi  against  the  ruling  dootriues  of  political  and  social  economy  which  the 
cbnrches,  in  common  with  the  com ni unity,  accept.  A  single  sentence 
well  re  presents  him  on  this  subject,  as  follows:  "The  social,  political,  and 
oooimcrcia]  institotions  of  the  present  day,  foandeil  upon,  and  sustained 
bji  >  ttellisliness  heretofore  iineijualvd,  are  the  great  bnrriers  to  the  pro- 
(Otm  of  ChriHtianity."  And  attain:  " Political  economy,  strictly  eo 
calleil,  IS  as  niuch  op]K»eil  to  the  spirit  of  Christianity  asit  is  antagonistic 
IVMMnalism  ;  or,  in  other  woitls,  there  is  far  more  in  common  liotween 
■•>«i»]isiu  and  (7liristiiinity  than  there  is  between  tho  lallev  and  political 
*<Mnumy."  The  system  of  economic  theory  by  himself  adopted,  is  of 
**ar«t  not  the  one  intended  hero,  but  is  that  one  which,  rafoning  to  tho 
"0»th  British  Review,  i«  thus  described  ;  "Followed  out  to  the  utmost, 
^M^iirit  of  political  economy  lends  to  the  fatal  conclusion — that  the  con- 
''ici  of  the  social  life  should  be  lefli  entirely  to  tlie  spontuneous  operation 
**f  Ittws  which  hare  their  seat  of  actiou  in  the  minds  of  individuals,  with- 
****(  nny  attempt  ou  the  part  oi  society,  aa  tinch,  to  exert  a  controlling  in- 
"i^ente  ;  in  other  words,  without  allowing  the  Slate  or  institutiona  for 
K^nvml  govennnent  anyhigherfunction  than  that  of  protecting  in-Iividual 
•V^edom." 

It  (s,  therefore,  the  laUui-faire  theory  of  political  economy  which  thus 
'*  charged  with  hostility  at  once  to  Christianity  and  humanity.  The 
"tyMiheKp-and-sell-dear  system  elsewhere  dcscrilted  by  him  as  a  policy 
'  in  trade  and  in  society,  which  makes  it  not  ouly  the  intei'est,  but  the 
"Mural  course  of  every  one  to  prey  upon  his  fellow-meu  to  the  full  extent 
'>r  bit!  power  and  cunning,  and  is  well  fitted  to  cair;  selBshness  to  its 
MflrhMt  limits,  and  to  extinguish  every  spark  of  mutual  kindness."  His 
POlilScal  aconomy  was  a  system  of  philoBophio  benevolence,  a  doctrine  of 
iBMlat,  meroy,  and  truth,  with  a  resulting  economic  policy  of  protection 
^  pndnotive  industry,  leading  to  the  highest  human  welfare.  In  the 
*PPM(llt  and  notes  to  his  second  edition  of  the  "  New  Themes,"  he  has 
ElvBo  us  11  whole  library  of  the  literature  of  Charity.  In  the  hundreds  or 
*n«tiM!t  there  cited  and  briedy  epitomized,  he  exhibits  a  breadth  of  snr- 
'By  and  depth  of  inquiry  that  one  would  think  must  exhaust  tho  subject. 
"■  *<wtlie  i-esnlt  of  many  years  of  labor,  directod  by  a  xeal  that  nothiue 
"^WM  inspire  and  sustain  but  u  heartfelt  devotion  to  tlie  work  of  social 
"Uty  iiiij  reniediut  benefloence.  May  I  not  here  add,  as  a  reilectiou  that 
It  the  students  of  social  science,  that  the  system  of  economic  doc- 
h  secured  the  iissciit  of  a  mind  so  fully  informed,  so  eminently 
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endoir«d,  and  so  long  and  zealously  devoted  to  a,  Honroh  afler  truth,  in 
entitled  to  all  the  coDddence  tlmt  authority  can  gWe,  and  justly  olainis 
most  stodioua  attention. 

Having  rendered  liis  best  personal  sorTices  to  tliu  subject  i*liieli  lie  had 
M>  much  at  beart,  he  Turthcr  evidenced  his  eitmeatnesa  and  solicitude  for 
its  «li!l  more  formal  and  more  ndiiiiuate  treatment  by  ofl'ering  a  prise  of 
$50U  for  a  treatise  upon  the  law  ar  doctrine  of  Chnstian  charityt  aeeDm- 
pnnying  the  offer  with  a  genornl  imttine  directory  of  the  yHn  of  the  re- 
quired work,  indicatiuK  its  essential  puinte  ;  among  wliirh  ore  to  bo  noted 
the  organisation  of  labor ;  international  trade  in  its  elfeut»  upon  the  re- 
wards of  domestic  labtir  ;  the  aiibject  of  public  education  ;  the  law  oC 
charity  na  applying  lo  the  jHior,  the  suffering,  the  impi'isoued,  the  vioiooa, 
the  iuHanc,  the  int^mpci'atc,  the  dangerous,  &e.,  &o. 

I  am  not  aware  that  any  work  of  real  merit  was  secured  by  the  liberal 
reward  offered.  No  such  book  Laving  beeu  published,  it  Is  presumable 
that  uu  response  was  made. 

There  remains  yet  to  be  eonaidered,  in  such  manner  as  my  limits  allow, 
another  and  a  highly  important  division  of  the  service  rendered  to  the 
piibliu  by  Air.  Colwell,  in  an  official  position  to  which  his  high  t«put»- 
tion  called  him  in  the  GSth  year  of  his  age.  In  June,  1S03,  ho  WM  up- 
pointed  upon  the  CommUsion,  authorised  by  Act  of  Congress,  "  to  in- 
quire and  report  upon  the  subject  of  raising  by  taxation  suoli  revenii^pa 
may  be  uecessaiy  in  order  to  supply  the  wants  of  the  government,  having 
regard  to,  and  including  the  aourees  from  which  such  revenue  sbould  be 
drawn,  and  the  best  and  must  efficient  mode  of  raising  the  same."  In 
the  service  imposed  by  this  appoi  ntniont  ho  cimtinued  till  the  midsummer 
of  1800,  when  tlie  work  assigned  was  Ihjiniitid  aild  fully  reported.  The 
labor  thus  undertaken  and  perfoi-roeil  interrupted  and  even  ended  the  ac- 
tive literary  pursuits  and  practical  work  of  liis  life,  ilis  family,  whoe« 
tenderly  affectionate  watohfuluese  makes  them  the  liest  and  most  coropfv 
tent  witnesses,  attribute  Co  his  exacting  and  exhausting  toil  in  the  dutiea 
of  this  position  that  failure  of  hia  health  whiuh  soon  aflerwanls  obliged 
him  to  relinquish,  in  great  measu  re,  his  life-long  pursuits  both  as  atudeat 

lu  the  Report  of  the  Revenue  Commission,  coniniTinicatod  to  CongnMS 
in  January,  1808,  and  published  in  a  large  octavo  volume  by  authority  oT 
the  Huuae  of  I(ci>rGsnntative*,  may  be  found  the  H|>ecial  reports  of  Mr. 
Qolwellon  "The  Inllueuoe  of  Duplication  of  Taxes  upon  American  In> 
du»try — upon  the  Relations  of  Foreign  Tmde  to  Dorocslio  Industry  aod 
loternal  Iteveniie — upon  Iron  and  ^teel— and  un  Wool  and  Woolenw." 
Two  other  reports  of  his,  one  upon  High  Prices  and  their  Rnlationa  wltti 
Currency  and  Taxation,  atid  another,  U{Kin  Uver- importation  and  Relinf, 
are  not  included  in  this  velume.  Ilnw  ho  executed  the  wui'k  wbioh  fell 
tn  his  share  of  the  duties  iif  the  Commission,  it  is  enough  to  say  Uiat  A« 
did  it  to  asHiii-o  us  of  llnding  therein  the  fullest  diteussion  of  those  vaittly 
uumpruhcnsive  subjects,  baned  uiion  the  most  atiiplii  store  of  statistical 
fuct^  anil  ariayi;d  with  that  foriv  whit^h  the  soundest  tlicorotioll  priaci- 
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fles,  Aud  Hie  lATgcst  prat^tical  ac()uaiDtaiici»  with  the  details  wliicli  enter 
into  tlie  aeTcml  BUbjecte  of  inquiry,  alone  could  give. 

Tho  workdouo  by  hiin,  outside  of  tha.twLlcb  liisown  poabaB  reportod, 
^u  of  <l«elf,  and  independeatly,  wartby  of  iieitnanout  record.     The 
tiocreuiry  ot  the  Wool  Manufaoturers'  Association,  3Ir  J.  L.  H»ves,  an 
B&^BDtly  capable   witness,  tbux  speaka  of  bia  agency  aud  iiilluenoo  in 
liatmanizmg  the  conilicting  interests  of  the  agriculturists  and  nianufuc- 
turersof  tills  staple  industry  of  the  nation:  "The  conrerenoee  betvuen 
Uie  two  Gommittees  (representing  the  respectire  parties)  Gommeuced  in 
January,  186^,  andwerecantiuued  without  much  paune  forsix  mouths.  At 
"ID  outset  the  two  oommittees  were  widely  iipivrt  in  their  views,  and  the 
tnditional  jealouslee  became  at  ouce  apparent.     Here  the  weit;ht  of  char' 
*Cter  disi uterestedness,  and  moral  power  of  Mr.  Colwelt  came  into  play. 
Ho  was  personally  present  at  many  of  lhes«  confoi'enoes,  and  I  am  con- 
vinced that  the  harmonious  arrangement  finally  luado  was  mainly  due  to 
"is  iuflueucB.     This  inllneiice  was  perfettly  unobtrusive,  but  both  parties 
•lad    absolute  reliance  upon  Mr.  Colweli'a  integrity  and  wiwlom,  and  a 
fonro  hint  from  him  was  sufficient  to  give  a  right  direction  to  our  coun- 
cOs.      t^ome  of  the  suggestions  which  lio  made  were  of  great  practical 
•^Iwo."    Of  one  of  those  this  gentleman  says  :  "It  has  been  in  operation 
•ive     years,  and  it  is  a  constant  surprise  to  manuracturors  and  growers 
"»at  M>  brief  an  act,  affecting  so  many  really  distinct  branches  of  indus- 
■*"*'»  «honld  cover  so  much  aud  operate  so  wisely."    Againbesays:  "The 
'l'>    of  which  the  chief  features  are  due  to  Mr.  Colwell's  suggostions.  Is 
^^*>Mtierrully  suBlaiued ;  its  practical  working  is  really  remarkable  for  its 
***<^<=e*s,  ■    •    •  but  the  intiuence  ujiod  our  own  industry  is  by  no  means 
^*    ohief  object.    The  wool  tariff  is  the  key  to  the  protective  position  in 
■»l**  «ouniry.    It  secures  the  agricultural  interest  and  the  West." 
^iit  treatment  of  this  subject,  and  the  i«porte  upon  trade,  production, 
"*^c«6nnd  national  finance,  place  him,  in  my  judgment,  highest  among 
"*    authorities  in  our. history  in  whatever  torobines  knowledge  of  facts 
**4l   Kouiidiiess  of  eiio&omic  principles.     Quite  sure  am  I  that  there  is  not 
7^   ■*>uch  of  praoiical  value  and  guiding  principle  to  bo  learned  even  in 
_*'**•  great  storehouse  of  economic  literature  which  he  has  given  to  the 
'  '•I'versilj.     The  earnest  and  intelligent  student  of  the  industrial  tind 
_  '^'^Xmercial  policy  of  our  country  who  may  give  to  these  reports  the  at- 
***tion  that  is  their  due,  will  find  bimeelf  prepared  for  a  safe,  clear  and 
^^^-Sfcfactory  judgment  upon  all  of  the  many  questions  tliereiu  embl-aced. 
'  ticidcntally,  but  necessarily,  iutermixedwith  the  history  and  stutistica 
<3ur   national  induKtries,  an   unuGually  effective  examination  of  the 
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**^^orii;s  of  free  trade  and  protection  finds  a  deservedly  prominent  plac 

^^ne  reports  ;  and  the  predominant  clfLims  of  labnr  upon  the  care  of  gov- 

*'^*Uietit  and  the  regard  of  the  community  is  the  pervading  spirit  and 

~^ling  Impulse  of  all  that  he  here  has  written,     llishenrt  wnsiu  thtsmat- 

and  his  (ihilosopby  most  happily  corroborated  his  philauthropy.     The 

lis  economic  doctrines  is  in  such  simple  self-proving  proposi- 

fto  :     "The  highest  condition  of  national  tve  I  fan.' depends  upon 
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the  highest  condition  of  the  masses  of  the  people  in  point  of  morals, 
religion,  intelligence,  social  ease,  and  comfort."  ''The  hidiutry  of  a 
nation  is  an  interest  so  vital  as  to  he  equaled  only  hy  its  internal  liber- 
ties and  its  independence  of  foreign  control.  As  the  tendency  of  full  em* 
ployment  is  to  exclude  crime,  the  benefits  of  that  high  integrity  which  is 
the  best  cement  of  society,  may  be  expected  to  reward  a  nation  in  which 
occupation  is  the  most  varied  and  labor  best  remunerated." 

Last  to  be  noticed,  although  not  latest  in  its  presentation  to  the  world, 
is  Mr.  Colweirs  highly  valuable  work  on  money  and  its  substitates,  credit 
and  its  institutions,  entitled,  ''  Wayi  and  Means  of  PaymefU  :  afuU  ana- 
lysis  oj  the  credit  system^  with  its  various  modes  of  adjustment^  Its  essen- 
tial object  is  that  of  laying  the  axe  to  the  root  of  that  pestilent  heresy 
which  teaches  that  prices  are  wholly  dependent  on  the  supply  of  money ; 
and  that,  to  use  the  woi-ds  of  Hume,  the  only  effect  of  an  increase  in  the 
abundance  of  the  precious  metals  is  that  of  *^  obliging  every  one  to  pay  a 
greater  number  of  those  little  white  or  yellow  pieces  than  they  had  been 
accustomed  to  do."  The  whole  question  of  prices  is  here  discussed  with 
a  care  characteristic  of  its  author ;  and  his  readers,  however  they  may 
chance  to  dififer  from  him  in  regard  to  details,  can  scarcely  fail  to  agree 
with  him  in  the  belief  he  has  here  expressed,  that  *' among  tlie  innumera- 
ble influences  which  go  to  determine  ithe  genei-al  range  of  prices,  the 
quantity  of  money  or  currency  is  found  to  be  one  of  the  least  effective." 
Truth,  however,  as  is  well  known,  travels  but  very  slowly  through  the 
world,  centuries  having  elapsed  siuce  demonstration  of  the  fact  that  the 
earth  revolved  around  the  sun,  and  four-fifths  of  the  human  race  yet  re- 
maining convinced  that  the  sun  it  is  that  moves,  and  not  tlie  earth.  80 
has  it  been,  and  so  is  it  like  to  be,  in  the  present  case,  the  most  eminent 
European  economists  still  continuing  to  teach  precisely  what  had  been 
taught  by  Hume,  and  statesmen  abroad  and  at  home  still  constructing 
banking  and  currency  laws  under  the  belief  that  in  the  '*  quantity  of 
money  or  currancy  "  had  been  found  one  of  the  most  effective  causes  of 
changes  of  price.  Mr.  ColwelKs  work  was  published  in  ISoO,  since  which 
date  so  much  light  lia^i  been  thrown  on  the  subject  as  to  make  it  serious 
cause  for  regret  that  his  other  engagements,  and  his  failing  health,  should 
have  prevented  a  re- examination  of  the  case  by  aid  of  recent  facts,  all  of 
wbich  have  tended  to  prove  conclusively  the  accuracy  of  the  views  pre- 
sented in  the  ver^  instinctive  volume  to  which  reference  has  now  been 
made. 

A  word  more  and  I  shall  liave  done.  Of  all  the  men  with  whom  I  have 
at  any  time  been  associated  there  has  been  none  in  whom  the  high-minded 
gentleman,  the  enlightened  economist,  the  active  and  earnest  friend  to 
those  who  stood  in  need  of  friendship,  and  the  sincere  Christian,  have 
been  more  happily  blended  than  in  the  one  whose  loss  we  all  so  much  le* 
gret,  and  of  whose  life  and  works  I  here  have  made  so  brief,  and,  as  I 
fear,  so  inudetiuate  a  pi*esentation. 
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Ohserrationn  on  iJie  dUtributiftn  of  certain   Extinct  Verf<bra1a  in  North 

Carolina, 

By  Edwaud  D.  Cope. 

{Read  before  the  American  Philosophical  Society y  Novetnber  17,  1871). 

DiODOx  L. 

DioDON  ANTiQuuei,  Leidj.    Proc.  Acad.  Nat.  8ci. 

Superior  and  inferior  jaws  from  the  Miocene.  This  flsh  was  described 
from  transported  and  mncli  worn  specimens  from  the  Ashley  River,  South 
Carolina.  The  present  si)cciraens  ai*e  unworn,  and  display  the  characters 
of  the  species.  These  are  very  much  like  those  of  the  recent  D.  filamen^ 
tosu8.    The  species  appears  also  to  i>ertain  to  the  horizon  of  the  Miocene. 

Bei.odox,  Myr. 

Teeth  of  both  the  smooth  and  fluted  types  were  found  by  Prof.  Kerr  in 
Chatham  Co.,  N.  C.  The  latter  (B.  carolinenaiHj  Emm.)  app«ar  also  to 
occur  in  Wheatley's  collection,  from  the  Trias  of  Phoenixville,  Penn. 
Three  successive  forms  of  the  maxillary  teeth  of  B.  princus  are  figured. 

TlIECACHAMPSA,    CopC. 

TiiECA  CHAM  PSA  KUGOSA,  Emmous. 

Polyptychodon  rugoeus^  Emmous,  Qeol.  Surv.  N.  C. 

Emmons'  figure  of  this  species  is  not  distinguishable  from  a  worn  ca- 
nine of  a  BasilosauruSj  and  as  such  I  regarded  it  on  a  former  occasion. 
An  examination  of  a  s]>ecimen  i*eceived  from  Prof.  Kerr,  shows  that  its 
affinities  are  Crocodilian,  and  its  structure  similar  to  that  of  Thecachamp- 
sa.  Cope.  It  is  more  strongly  rugosc-striate  than  in  any  of  the  known 
si>ccies,  but  is  approached  in  rugosity  by  Thecachampsa  9qnanken$ut, 
Marsh.     The  i-ange  of  the  genus  is  thus  extended  to  X.  Carolina. 

Clepsysauuus,  Lea. 

Teeth  of  this  genus  are  very  rare,  one  only  having  been  observed  by  Dr. 
Lea.  Prof.  Emmons  believed  that  he  had  discovered  two  8]>ecies  in  the 
Trias  of  North  Carolina,  C.  penunylranicm  and  C,  leaii.  The  greater 
part  of  the  remains  on  which  these  woi-e  based  I  have  shown  to  be  Belo- 
donts,  but  one  tootli  figured  by  Emmous,  N.  C.  Oeol.  Surv.,  PI.  V.  f.  «^ 
may  belong  to  this  genus. 

Prof.  Kerr's  collection  contains  two  teeth  which  are  identical  with  that 
associated  with  the  C.  pennsyhanicvs  by  Ixja,  one  of  them  nearly  perfect, 
the  other  the  basal  i)ortion  only.  They  exhibit  two  minutely  denticulated 
cutting  edges,  separated  by  one-third  of  the  circumference.  This  third  is 
nearly  Hat,  the  remaining  portion  being  very  convex.  One  cutting  edge 
extends  to  the  base  of  the  crown,  the  other  occupies  only  the  distal  two- 
thirds.  The  section  of  the  tooth  would  be  round  at  the  base  were  it  not 
for  the  projection  of  the  cutting  edge.  Tlie  enamel  is  minutely  striate, 
under  the  glass.  The  base  of  the  larger  tuoth  measures  .75  of  an  inch  in 
diameter.     The  figure  of  Emmons  leaves  something  to  be  desired,  as  he 
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does^  not  represent  the  lonfj^  cutting  edge  of  the  crown.  His  descriptions 
of  t^lie  tooth  appear  to  refer  to  this  genus.  Kerr^s  specimens  are  conclu- 
si-ve  as  to  the  extent  of  this  formidable  genus  of  carnivorous  Dinosauria 
to  '^^    Carolina. 

Zatomus,  Cope. 

Til  is  genus  embraces  reptiles  whose  teeth  are  described  and  figured  by 
Prof.  Emmons,  American  Geology,  Pt.  VI.  p.  02,  fig.  34.  He  found  them 
associated  with  radiate  osseous  plates  (probably  dermal)  which  he  found 
on  one  occasion  in  connection  with  the  cranium  of  the  supposeti  Laby- 
rintbodont,  Dietyocephalus  elegans,  Leidy.  Both  the  plates  and  teeth  are 
too  large  to  be  associated  with  the  latter,  and  the  teeth  especially  remind 
one  of  the  Dinosauria.  Emmons  describes  a  tooth  in  the  following  Ian- 
giia^e : 

**  It  is  compressed,  curved,  finely  serrate  posteriorly,  which  appeal's  to 
point  to  the  apex,  when  seen  so  as  to  bring  into  view  a  slight  wrinkle  or 
groove  at  the  base  of  each  tooth.  Its  enamel  covers  the  whole  crown,  or 
*U  above  the  part  implanted  or  inserted.  The  enamel  is  finely  or  minutely 
wrinkled;  and  at  the  posterior  edge,  at  the  junction  of  the  plates  at 
®*oh  side,  a  faint  groove  remains ;  and  the  serrre  appear  like  a  double 
^^^y  but  near  the  apex  they  entii-ely  disapi>ear ;  the  convex  or  anterior 
®^«e  is  smooth. 

**  The  tooth  appears  much  like  the  tooth  of  a  Megalomurun  in  miniature, 
Mioui5-h  it  is  less  curved.  I  have  found  only  two  teeth  of  this  kind  ;  the 
■^^Hest  is  half  the  size  of  the  one  figured.''  This  size  is  Om.  022  in 
'®»>gth ;  diameter  at  base  .012. 

■^i^  the  section  given  by  Emmons,  one  side  of  this  tooth  is  a  little  more 
*^^***vex  than  the  others. 

'^lie  affinities  of  this  genus  appear  to  l>e  to  Teratomurun  and  Lidaps, 
both  of  these,  as  well  as  from  Megalomurus,  it  differs  in  the  absence 


•^rration  from  the  anterior  margin,  and  in  the  groove  in  the  posterior 
^^^ttng  e<1ge  dividing  it  into  two  appressed  serrate  edges  which  disappear 
the  apex.     The  species  may  be  called  Zatomu$  sarcophagun.     Its 
s^bout  equalled  large  specimens  of  the  Southern  Alligator. 

Hypsibema,  Cope. 

—^  -iar.  gen.     Proportions  of  limbs  and  feet  much  as  in  Hadrosaurus. 

^^    caudal  vertebno  elongate  and  depressed,  in  the  median  part  of  the 


le  elongate  depressed  form  of  caudal  vertebra;,  distinguishes  this  genus 

Hadrosaurus.      The  latter  possesses  elongate  vertebrte  near  the 

^^^*^exnity  of  the  series,  but  anterior  to  this  point,  they  are  first  subqua- 

T^ti^  in  profile,  then  proximally  much  narrowed.     The  form  exhibited  by 

^  Icnown  species  of  this  genus  is  more  like  that  of  Hyla;osaurus  Mant. 

Hypsibema  chassicacda.  Cope. 

**be  remains  on  which  this  species  is  founded  consists  of  the  distal 
^^^i^mlty  of  the  right  humerus,  a  portion  of  the  shaft  of  the  left  tibia,  a 
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portion  of  the  fibula,  the  ri^ht  internal  metatarsus  somewhat  broken,  and 
a  caudal  vertebra.  There  are  other  uncharacteristic  fragpnents,  and  a 
piece  which  may  be  a  dermal  bone. 

Associated  with  them  are  several  coprolites  of  lar^e  animals. 

These  species  indicate  an  animal  of  about  the  size  of  the  Hadrosanms 
foulkei,  Leidy,  and  with  a  similar  disproportion  in  the  lengths  of  the 
limbs. 

This  is  readily  appreciated  on  comparison  of  the  huge  metatarsus  with 
the  light  humerus.  The  medullary  cavity  of  the  tibia  is  large ;  that  of 
the  humerus  small. 

The  portion  of  the  humerus  preserved  is  injured,  and  the  condyles  are 
worn.  Its  relation  to  that  of  H.  foulkei  is  readily  determined,  and  on 
comparison  the  following  marked  differences  appear :  The  ridge  connect- 
ing the  external  condyle  with  the  shaft  posteriorly  is  acute  ;  it  is  rounded 
in  H.  foulkei.  External  distal  face  is  flat  or  slightly  concave ;  in  H. 
foulkei  somewhat  rounded.  It  is  at  right  angles  to  the  plane  of  the 
anterior  face,  and  forms  with  it  rather  less  than  a  right  angle;  in  H. 
foulkei  this  region  is  rounded.  Distally,  the  shaft  is  much  flattened  in 
H.  crassicauda. 

Measurements.  Lines. 

Antero-posterior  diameter  of  shaft,  just  above  condyles. . . .  20.5 

Width  external  face  distally 24. 

**       olecranar  fossa 16. 

condyles,  (estimated) 64. 


(( 


The  anterior  face  at  over  three  inches  above  the  condyles  is  slightly  con- 
cave. About  4.5  inches  above  the  articular  face  of  the  external  condyle, 
the  acute  ridge  dividing  the  posterior  and  external  faces  disappearsi  and 
the  surface  becomes  regularly  rounded. 

The  portion  of  the  tibia  is  from  the  shaft  of  that  of  the  left  side,  just 
below  the  superior  antero-posterior  expansion.  Therefore,  the  inner  face 
is  the  most  extensive,  and  the  posterior  the  least  so.  It  dififers  from  the 
same  part  in  H.  foulkei,  in  its  less  angularity,  especially  in  the  more 
rounded,  and  less  defiued  posterior  face. 

The  internal  face  narrows  downwards,  and  while  the  greater  diameter 
of  the  fragment  above  is  antero-posterior,  below  it  is  diagonal,  the  anterior 
point  being  the  inner. 

yteasuremenU ,  Lxihs, 

Antero-posterior  diameter  above 48. 

Transverse  **  **    22.5 

medullary  cavity 20.5 


it 


The  portion  of  the  fibula  is  the  distal,  and  resembles  that  of  Hadroaau- 
rus  foulkei,  in  being  slightly  expanded  near  the  extremity,  and  cylindiic 
in  the  lower  part  of  the  shaft.  In  both  j;enera  and  Ornithotarsus,  Cope, 
the  distal  exterraity  of  the  fibula  is  less  attenuated  then  in  Iguanodon. 
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Lines. 

Transverse  distal  diameter.   40.5 

**         five  inches  above 30. 

The  right  internal  metatarsus  also  bears  considerable  resemblance  to  H. 
foolkei.  Its  proximal  extremity  is  much  more  convex  in  its  inner  out- 
line than  in  that  species.  The  inner  proximal  face  is  plane  and  longi- 
tudinally wrinkled.  The  proximal  or  tarsal  articular  face  is  concave 
Anteriorly ;  its  plane  is  at  right  angles  to  the  axis  of  the  shaft  of  the  bone. 
It  is  strongly  oblique  in  H.  foulkei,  and  a  rib-like  prominence  of  the  outer 
face  crosses  the  latter  obliquely  and  at  right  angles  to  the  proximal 
©actremity.  No  such  rib  exists  in  the  present  case,  because  the  weight 
supported  by  the  shaft  of  the  bone,  directly  and  not  obliquely  as  in 
Irosaurus.  Thus  the  Hypsibemas  walked  more  exactly  on  the  toes 
did  the  Hadrosauri. 
1*lie  posterior  margin  is  thinner,  and  as  in  H.  foulkei,  presents  a  rather 
median  protuberance.  The  distal  condyle  is  broken  away,  but  the 
^^''^ist;  of  the  distal  portion  of  the  shaft  shows  that  it  was  directed  away 
*«x>na  the  adjoining  metatarsal,  posteriorly. 

Measurements.  In.        Lines. 

Length  from  antero-superior  to  postero-infcrior,  10  10 

Extremity  (inferior  articular  face  worn  away). 

Traverse  diameter  proximally 3 

**  "  medially 2  3.5 

"^"•^ti^ro-posterior  diameter  medially *  3  C. 

le  diamet-ers  of  the  shaft  are  somewhat  larger  than  in  the  H.  foulkei 

by  Leidy, 

10  caudal  vertebra  is  of  large  size  and  peculiar  form.     The  centrum  is 

^^-^"^^^iderably  wider  than  deep,  and  considerably  longer  than  wide.     The 

irior  chevron  articulations  are  small,  and  each  is  connected  with  each 

trior  by  a  strong  rounded  angulation.     Between  the  latter  the  space  is 

l«  and  slightly  concave  in  transverse  section,  least  so  medially.    A 

"X-ked  peculiarity  is  seen  in  the  strong  longitudinal  ridge  which  divides 

*^^    lateral  surface  of  the  vertebra  into  two  nearly  equal  faces.     The 

^^^ral  arch  is  elongate,  the  neural  canal  small:  in  section  a  short  vertical 

^**ip8e.    The  articular  face  of  the  zygapophyses  makes  an  angle  of  about 

^**^irty-flve  degrees  to  the  perpendicular.     The  crest  of  the  arch  rises  a 

*^'^f  inch  behind  these  into  the  very  stout  basis  of  the  neural  spine,  the 

^^^""^ater  part  of  which,  with  the  posterior  zygapophyses,  is  broken  oif. 

^  ^«  inclination  of  the  base  is  about  65^  to  the  vertical  diameter  of  the 

^l^^e,    The  articular  faces  are  both  slightly  concave,  as  are  the  lateral 

which  are  separated  by  the  lateral  ridge. 

In.        Lines. 

Length  of  centrum 4  6 

"     basis  of  neural  arch 2  9 

Width  posterior  articular  face 4 


i 


)C.l  ^^^'^  [Not.  17, 

Jn.        Line*. 

Depth        **         medially 2                  8 

"            "         laterally 8                  3 

"      basis  neural  spine 13 

Transverse  diameter  neuml  canal  l>ebind 10 

Width  iKJtween  latero* inferior  ridges 1                   0 

**      vertical  face  of  zygapophyses 11 

There  is  a  slight  nigose  protuberance  in  the  position  of  the  diapophysls. 

The  peculiarities  of  this  vertebra  indicate  most  strikingly  the  generio 
distinctness  of  this  great  reptile  from  the  Hadrosanrus.  It  is  true  it 
presents  some  similarity  in  fonn  to  the  terminal  caudals  of  that  genus 
and  if  it  could  be  referred  to  that  portion  of  the  series,  would  indicate 
merely  another  and  larger  species  of  Hadrosanrus.  It  differs  In  fom  ttota 
these  vertebnis  in  its  depressed  instead  of  compressed  form,  and  its 
lateral  angulation.  That  it  belongs  to  a  more  anterior  position  in  tlie 
tail  is  evident  from  the  very  large  size  of  the  basis  of  the  netiial  spine, 
and  general  greater  development  of  the  ncunil  arch  and  zygapophyses, 
and  the  trace  of  diapophyscs.  Further,  it  is  over  four  times  the  size  of 
the  terminal  caudals  of  H.  foulkei,  while  the  remaining  elements  do  not 
indicate  any  sucli  cxtrat)rdinary  dimensions.  A  position  a  little  behind 
the  middle  of  the  series  would  relate  well  to  the  other  proportions. 

This  is  another  of  those  remarkable  forms  which  the  reptilian  type 
developed  in  past  ages.  That  it  was  herbivorous,  and  relied  less  on  its 
tail  for  sup|K)rt  Uian  Hadrosanrus,  appears  ])robable.  Large  caprolitcs 
of  the  character  of  tliosc  of  herbivorous  animals  accompanied  the  bones. 
They  resemble  somewhat  those  of  the  hog  ;  one  has  a  diameter  of  3.5  inches 
one  way,  and  2  inches  the  other ;  extremity  broad,  obtu.sc.  The  pro- 
prietor of  the  pit  told  the  writer  that  he  had  more  than  once  seen  large 
**h(M)fh'  **and  wide  toe-joints**  taken  out  during  the  excavation.         ' 

This  species  is  diflcrcnt  from  the  Ornithotai-sus  immanis,  Cope,  and 
l)el()ngs  to  a  diHerent  genus.  The  shaft  of  the  tibia  in  the  latter  is  filled 
with  cancellous  tissue  :  in  the  present  auimal  it  is  entirely  hollow. 

From  the  marl  pits  of  James  King. 

Hadhosaukus,  Leidy. 

Haduobauiuts  tuipos,  Cope. 

At  a  point  about  ten  miles  distant  from  the  marl  pit  in  which  the 
Ilypsibema  was  found,  Prof.  Kerr  discovered  a  caudal  vertebra  of  a 
colossal  reptile,  who.se  aflinities  are  evidently  near  to  the  Hadn»sauru8 
foulkei. 

This  vcitebra  is  one  of  the  distal,  as  evidenced  by  the  entire  absence 
of  any  ti*aci>  of  diapopliysis,  and  its  subquadrate  longitudinal  section,  as 
well  as  by  the  small  size  of  the  neunil  arch  and  spine.  At  first  sight  it 
would  appear  to  o<;cupy  a  position  between  the  thirtieth  and  thirty-sixth 
of  the  series;  the  former  in  H.  foulkei  has,  however,  rudiments  of  a 
dia'(>ophysis.     Hoth  its  articular  faces  arr  distinctly  biconcave.     The  largo 
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Hize  of  the  clievnm  articular  face  is  am  in  tlic  tliirtietli,  aini  the  eoncavit 

ofitH  lateral  faces  aH  in  the  twenty- sixth;  in  the  thirty-sixth  the  siik 

are  entii-ely  plane.     The  round  form  of  the  neural  oanaK  as  well  as  lac 

of  diapophysis,  are   ])oiuts  of  resemblance  to  the  thirt3'-Kixth,  but  it  i 

more  than  twice  as  long  as  that  vertebra  in  the  II.  foulkoi.    In  the  thirtict 

the  neural  canal  is  somewhat  depressed  and  boronies  inoix>  so  as  w 

advance  towanls  the  proximal  j>art  of  the  series.     Tho  small  sint<'rtvpt»! 

terior  extent  of  the  neural  arch  is  much  as  in  the  thiitieth  in  11.  fonlke 

but  the  ba.sis  of  the  neural  s]>iue.  which  is  broken  oil'  in  this,  as  well  i 

the  odd  S])ecies,  is  much  n^ore  sli^rht.     It  is  so  very  thin  and  weak  ast 

iijclicatc  either  comparatively   a  slight  d('velo])mi'nt  of  the  spine,  i>r 

very  posterior  position  in  the  series.     A  weak  lateral  ridge  marks  the  sit] 

of  tlie  centrum,  which  is  l>elow  the  middle  line.     It  holds  the  same  positio 

ill  tlic  thirty-sixth  in  11.  fonlkei,  but  is  abo\e  the  middle  in  the  thirtiet 

and    those  anterior. 

]dtit»HrnneutA.  In,         Li/u'*f 

Depth  centrum  to  summit  chcvrcm  articulatiim. .  5 

**      from  neural  canal  without  chevron  face. .  4 

Greatest  width      *•                 '                     "...  4  i» 

Length  cent  rum 4  :{ 

**        neura]iophysis 2  r» 

Width  between  anterior  zygopoph^'ses 1  iJ 

♦*       of  areh  above 1  <i 

"       neural  canal 10 

l>epth            **          10 

**      basis  neural  sjune '> 

liis  s|)ecinien  was  procured  from  the  marl  i»it  of  W,  J.  Thompso: 

^Nton  Co.,  X.  Carolina. 

-^^    second  and  much  smaller  vertebi*a  from  the  i)it  that  fuinishe<l  tl 

^^**^5*in8  of  Hypsibema  crassicaudii,  behmged  to  a  third  individual,  ai 

*      *****iblyto  this  siiecies.     Its  pi-oiMU'tions  would  point  to  a  position  ne; 

**^    «ind  of  the  tail,  and  its  form  is  less  ehmgate  and  compressed  thr 

*  ^^**^  in  that  position  in  H.  fonlkei.    Its  neural  arch  is  not  coossitied.    Tl 

^**timitie»  are  slightly  conciive,  the  generjil  form  subquadrate. 

Length  of  centrum 20.."» 

Diameter  extremity,  (vertical ) 1  ^. 

*•  **  (transverse) 21.5 

"        middle  ** lo. 

^    ^lie  flnt  named  vertebra  ]>ertaincd  to  an  immense  si>ecies.   iHM'ha 
^^^le  the  HadroSaurus  foulkci,  in  weight  and  bulk,  should  the  genei 
^portions  of  the  two  have  been  at  all  similar.     In  that  case  the  leng 
^lie  femur  would  be  sixty- two  and  a  (piarter  inches. 
^^  will  remain  for  future  discovery  to  determine  whether  the  siK?cies 
^^  same  aa  the  Oinithotarsus  immanis. 
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PLATE  I. — Hypsibema  crassieauda. 

1.  Caudal  Vertebra  of  Hadrosaurus  tripos,  side.    la.  Artiealar  face. 

2.  do.  younpf?    a.  end,  b.  below. 

3.  Eschricbtius  polypoinis,  side.    3a.  above. 

PLATE  II. — Ilypiihema  crasf>icauda. 

1.  Humerus,  distal  portion,  from  below,     la.  From  end. 

2.  Tibia  sbaft,  from  the  side  ;  2a.  fro^  end. 

3.  Caudal  Vertebra. 

4.  Coprolite  fragment. 

PLATE  III. — Hadrosaurus  tripos.    EschricTitius  polyporus. 

1.  Fibula,  lower  portion  ;  a.  proximal  end  of  fi*agment. 

2.  Outer  metatarsal,  inner  side  ;  2a.  proximal  end  of  do. 

PIjATE  IV. — Mesoteras  kerrianus.    Clepsymurus  pennsylvanieui.    Th&r 
cacharnpM  rugosa,     PolydecUs  biturgidus,    Belodon  pri$eu».    Diodon 

antiquus, 

1.  Metionteras  kerrianuf J  i^ev'iotichoueB.  la.  Interior  view;  lb.  end  view. 

2.  Polydectes  biturgidus^  crown  of  tooth,  side  ;  2a.  inner  view. 
8.  Thecachampsa  rvgosa,  crown  of  tooth,  inner  view. 

4.  ClepHysatirus,  tooth,  inside  view ;  4a.  posterior  view ;  4b.   section 
base  ;  4c.  do.  near  extremity ;  4d.  basd  of  larger  sp. 

5.  Belodon  f  priscus,  anteiior  tooth ;  5a.  posterior  view  of  another ;  5b. 
lateral  view  of  a  posterior  tootii ;  5c.  edge  of  do. 

6.  Diodon  antiquus^  upper  jaw  front ;  6a.  do.  from  below ;  6b.  lower 
jaw  from  front ;  6c.  do.  from  above. 


Stated  Meftirif/j  December  1,  1871. 
Present,  ten  members. 
Dr.  Emkrsox  in  the  Chair. 

A  letter  of  acknowledgment  (86)  was  received  from  the 
Society  of  Antiquaries,  dated  London,  November  8. 

Letters  of  envoy  were  received  from  the  Pontifical  Academy 
d.  N.  L.,  dated  Kome,  June  7,  ISGU;  and  from  the  Public 
Museum,  at  liuenos  Ayres,  dated  July  12,  1871. 

A  letter  was  received  from  Mr.  11.  II.  Leech,  dated  New 
York,  Nov.  18,  1871,  offering  for  sale  the  MSS.  Fables  of  M. 
Lorin,  of  Paris. 

Donations  for  the  Library  were  announced,  from  the  P.  A. 
d.  N.  L.  at  Rome,  the  R.  Institutes  at  Milan  and  Venice,  the 
R.  Observatories  at  Moncaliere  and  Turin,  Signori  Dorna, 
Biffi,  Muoni,  Buccellati,  Ferraris,  Gabba,  Mussi  and  Denza; 
i'rom  the  Public  Museum  at  J^uenos  Ayres;  the  Editors  of 
tlie  Revue  Politique,  Old  and  New,  the  American  Chemist, 
and  from  Yale  College. 

A  ])hotograj>liic  copy  of  the  quasi  coin  described  below, 
was  presented  to  the  Cabinet  by  Mr.  Dubois. 

An  Obituarv  notice  of  Sir  John  F.  W.  llerschel,  written 
by  Mr.  II.  W.  Field,  of  the  Royal  Mint,  London,  pursuant  to 
appointment,  was  read  by  Mr.  Patterson. 


KL  IKLl 


217 


[PMd. 


Obituarg  JVntttv  ef 

Sin  JiiBN  Freuebick  William  IlEitscHBL.  Dart., 

By  Mil.  IlsTVRT  W-  Field,  op  Losdon. 

Rtad  b/fore  the  American  PhUoiophieat  Safwrjf,  Decembtr  1,  1871. 

ll  is  the  pAinful  duly  of  our  goniel;  to  record  the  loss  we  have  tiis- 

Uiaed  in  ("ur  meraberBliip,  ami  indeed  we  may  well  say,  the  loss  to  the 

*urld  in  ^ncral,  by  the  decease  of  tLe  illuetrious  Sir  John   F.  W.  Uer- 

Mbel,  Bart. 

nu  father,  Sir  William  Ilerwliel,  cume  from  Hanover  to  Eugland,  in 
I'-'itt,  aa  one  of  the  Hanoverian  Guards'  Band;  and  vras  for  some  time  the 
nttfvct  of  disappointment  and  privation.  He  however  becsime  instructor 
^^  n!{>;imental  band,  Etstioned  in  the  Xoilih,  and  foilunntoly  obtained  an 
vtgaaist'K  appointment  in  Yorkshire,  and  subsequently  at  Batli.  Hew 
"  Wws  tlmt  his  tiiste  for  astronomy  became  developed,  and  from  whence 
'"»  first  papers,  "Observations  of  the  Perioiical  Star  Mira  Ceti "  issued. 
Tliey  were  read  before  the  Royal  Society,  iu  London,  on  the  10th  May, 

In  IT8I I  the  results  of  hts  studies  and  speculations  led  to  his  great  dis- 
wrerj  of  Uranns  (spoeially  interesting  from  its  leading  to  the  discovery 
™  Uae  remote  planet  Neptune]  which  placed  him  most  prominent  iu  Sci- 
■XtiQerank,  which  standing  he  retained  until  his  death  in  I83S,  being  then 
iiH»  Is  84th  year. 

Mr.  HerschRl,  our  lamented  member,  (unlike  his  flttlier  who  raised  him- 
*T  from  the  humble  ritnk  or  a  rei^imentAI  mosieitin)  after  being  edu- 
"•■•d  itriTutelyby  m  Mr.  Rogeni,at  an  early  age  entered  St.  John's  College, 
■^^■OVridge,  where  by  hix  great  success  aud  taste  for  science  he  Kraduated 
^  ^.  inISI3.  Uecameoiitiu  tlie  Mathematical  TripoK,  Senior  Wrangler; 
^  lienor  which  was  further  enhanced  by  liis  attainment  of  the  Fir  s 
'■•ith's  Prisie.  That  his  year  was  what  is  called,  in  Cambridge,  "  a  good 
fM-,"  is  evident  trom  the  names  of  the  distinguished  men  of  whom  he 
'°*fc  precedence,  Buch  as  the  following: — Peaoock,  DeaoofEly;  Fallows, 
'"^  Astronomer  Royal  at  the  Cape  ;  Romilly.  late  Registrar  of  tlie  Uni- 
'crsity  ;  Amos,  Mill,  and  other  men  of  note,  whose  niunes  adorn  the  Det 
l*'T-menl«  of  Science,  Theology  and  Literature.  It  mny  be  worth  while 
'^  vtote  Uie  feeling  which  subsisted  among  bis  fellow  collegiaiis ;  ChHrles 
^^bbogr,  the  mntbemalician  (lately  dewasod}  wlio  coveted  the  honor  of 
"*  Senior  Wianglership.  but  knowing  the  powers  of  his  antagonist,  Her- 

ediued  to  appear  in  tlie  Mathematics  at  TripoH,  chousing  rather  to 

»  Head  of  the  Poll. 

«  27  May,  181»,  he  was  elected  Fellow  of  the  Royal  Society,  and 
B  one  of  its  most  autive   itiemhers,  i«ceiving  in  1821  the  Copley 

■Kl  his  father's  death  he  pursued  that  Li-nndi  of  science  calied  "Observ- 
E  Axtrononiy,"  and  about  this  time  he  conceived  the  desirability  of  form- 
il  Soetoty.  and  was  niost  active  in  its  foundation,  the  present 
Dical  Pooiety." 
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In  1831,  EiDg  William,  at  a  tribute  to  bis  great  vciuntUlc  e 
fetred  on  Jiim  the  honor  of  knighthood, 

Sir  Jolin  Herat'hel's  roiwarcbvs  on  the  positions  of  NcbulK  and  duster* 
of  stars,  took  up  many  years  »t  hb  life.  Several  of  the  result*  he  puU- 
liahm]  ill  ootqunctioti  with  S[r,  {nfter  Sir  James)  South,  for  which  a  i»- 
wnrd  of  a  gold  medal  was  presented  to  botit  Astronomers.  Were  it  Dot 
for  the  sincere  love  of  science,  the  toil  of  these  proceedings  from  t 
uight  to  sunrise  would  not  have  taken  place;  fbr  no  one  can  tell  the  stniH 
on  tlie  constilulion.  tlic  severity  of  which  is  gleaned  from  liis  obAerrittiont 
while  discussing  tlie  double  stars.     He  remarked  : 

"  Should  1  be  roi'tunate  enoiitch  to  bring  tbiii  work  to  a  condu^on,  I 
sbidl  then  joyfiilly  yield  up  a  subject  on  whicii  I  have  beHtowed  a  h 
portion  of  my  time,  and  e;ipoii<Jed  much  of  my  heallb  and  strength,  I 
others  who  will,  bei-eafler,  by  tbe  aid  of  those  moslerpieceK  of  workmu 
ship,  which  mortem  Art  places  at  their  disposal,  parsue  with  oomparati*! 
ease  and  convenience  an  incjuiry  which  has  presented  to  myself  difficultiei 
such  as  at  one  period  had  almont  compelled  mo  to  abandon  it.  in  despair.' 

In  1833,  Sir  John  Ilerechel  was  awnrded  the  Hoyal  Medal  of  the  B 
Society,  for  his  paper  "  On  the   Investiijatioo  of  the  Dibits  of  RevoMoi 
Double  Btars."     The   Duke  of   Sussex,  Proi>ideiit.   gave   the   follow: 
graphic  ^connt  of  his  labors : 

"Sir  John  Hercchel  has  devoted  himself,  as  yoti  well  know,  for  n 
years  at  least,  as  much  from  filial  piety  as  from  inclinatio 
ination  of  those  remote  regions  of  the  universe  into  which  his  iUustr 
father  first  penetrated,  and  which  he  has  trausmitted  to  I 
reditaiy  possession,  with  whicli  the  name  of  Herschol  mui 
for  all  ages.  He  has  subjected  the  whole  sphere  of  the  heavens  wltbil 
his  observation,  to  a  repeated  and  syst^^matio  scrutiny.  lie  has  d 
ined  the  position  and  described  the  ehaniotcr  of  the  most  remarkable  O 
tlio  Nebuls,  He  ha.s  observed  and  registered  many  thousand  distanci 
and  angles  of  position  of  double  stars,  and  ha*  shown,  from  the  cumpM 
son  of  his  own  with  other  observations,  that  many  of  them  form  syHient 
whose  variations  of  position  are  subject  to  invariable  laws.  He  ha*  su 
ceeded  by  a  happy  combination  of  graphical  construction  with  uatneria 
cnlculatiuns,  in  determining  the  relative  elements  of  the  orbits  wliiij 
some  of  tliein  descril>e  round  each  other,  and  in  formiug  tables  of  tbel 
motions ;  and  he  has  thus  demonstrated  that  the  laws  of  gravitatioq 
which  are  exhibited  as  it  were,  in  miniature  in  our  own  planetary  syslem 
pievail  also  In  the  moat  distant  regions  of  space  ;  a  memorable  i 
justly  entitled  by  the  generality  of  its  character  to  be  eouBidertd  as  foru 
iiig  no  epoch  in  tlie  history  of  Astronomy,  and  presenting  ono  of  t 
must  inaf^nltlcent  examples  of  the  simplicity  and  universality  of  t 
fuudiimeiiUil  laws  of  nature,  by  whii'h  tlieir  great  Author  has  shown 
lie  iti  I.I10  same  today  and  for  ever,  here  and  everywhere. 

"  That  he  was  not  a  mere  inaditative  rhilosopher,  but  one  of  htborloni 
research  nod  of  a  practical  turn,  apiiears  from  the  imposiog  catalogue  « 
bis  written  worka,  a  few  of  whit;b  I  may  be  pardoned  for  enumcratiag:  II 
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pipera  on  Optics  ;  28  on  Afltronomy  ;  10,    Pure  Math  era  ntiCR  , 
ORf ;  on  Pbotograpliy  ;  on  Chemistry  ;  on  Natural  Pliilosopliy 

"The  Encyclopedia  Britannica  boasts  of  excellent  articlea  oii  Liglit  and 
^land,  and  Meteorology,  now  published  separately." 

A  Hannal  of  Scioutific  Eoquiry,  publialied  by  tbo  Adniirnlly. 

Tbe  Pbiloiopbical  Transactionti  contnin  >nany  at  bis  valuable  rn. 
tearches,  especially  tboae  read  before  the  Boyal  Society.  10  Uov.,  lBil3. 
whicb  will  ever  sbon  bis  energy  and  perseverance  in  spite  of  the  iiifirmi- 
tfasofbiM  advancing  tige.  In  fact,  turn  where  you  miiy,  ligbl,  cmAnalinf; 
from  Sir  Jobu,  «eem«  to  cast  its  beams  on  filinuat  every  department  ot 


It  may  not  be  out  of  plaoe  tu  give  an  extract  from  big  work  "  Outlines 
of  A*trononi7,"  a  book  whjob  Hlls  the  student's  mind  with  enraptured 
infeetMl  in  the  marrols  vbicb  be  reveals  in  plain  and  perspicuous  lan- 
SXUqp ;  for  example : 

■'There  is  no  Science  which,  more  llian  Astronomy,  draws  more  largely 
o'^  Ihlt  intellectual  liberality  wbicli  h  ready  to  adopt  whatever  is  demon- 
sfcrUed,  «r  concede  what«ver  is  rendered  highly  probable,  however  new 
***d  uncommon  the  points  of  view  raay  be,  in  which  objects  the  most  fa- 
toiTiM  may  thereby  become  placed.  Almost  all  the  coucUisions  stand  in 
*I>«u  and  striking  contradiction  with  those  of  auperfiaial  and  vulgar  ob- 
^^rrntion,  and  with  what  appears  to  every  one  until  ho  liaa  understood 
*•»  J  weighed  the  proofs  to  the  uontraiy,  the  most  positive  evidence  of  his 
"^«iaes.  Thus,  the  earth  on  which  be  stands,  aud  which  has  served  for 
"*<?  |||  as  the  unshaken  foundation  of  the  Qrmest  structures,  either  of  art 
'^P  DAturo,  \»  divested  by  the  Astronomer,  of  its  attribute  of  Hxity  ;  and 
^'^►lioeived  by  him  as  turning  swiftly  on  its  centre,  and  at  the  same  time 
***«ving  onwards  through  space  with  great  rapidity.  The  snn  and  the  moon, 
litcli  appear,  to  untaught  eyes,  Touiid  bodies  of  no  very  considerable  size, 
beanie  enlarged  on  his  imagination  into  vast  globes  :  the  one  appronoh- 
***S  in  magnitude  to  the  earth  itself ;  the  other  immensely  surpasning  it. 
'^fti  planets  which  appear  oidy  as  stars,  somewhat  brighter  than  the  rest, 
*  *■»  to  him  spacious,  elaborate  and  liahitable  worlds  :  several  of  thorn 
^^  neh  greater  and  far  more  curiously  furnislied  than  the  earth  ho  inhabits, 
*'^«  ther«  are  also  others  less  so ;  and  the  stars  themselves,  properly  eo- 
^^^Hed,  which  to  ordiuniy  apprehension  present  only  lucid  sparks  or 
^Mliant  atoms,  are  to  him  suns  of  varioas  and  transcendent  glory,  ef- 
v^lgent  centres  of  life  and  light  to  myriads  of  unseen  worlds.  8o  that, 
^^"hen  afler  dilating  his  thoughts  to  comprehend  the  grandeur  of  those 
-^3eu  his  calculations  have  catted  up,  and  exhausting  his  imaginatiou  and 
^•le  powers  of  his  language  to  devise  similes  and  metaphors  illustrative  of 
^-^e  Immensity  of  the  scale  on  which  his  universe  is  constructed,  he 
^-liiinke  back  to  bis  native  spliere;  be  finds  it.  In  comparison,  a  mere 
'K>«int ;  so  lost,  even  in  the  minute  system  to  which  it  Iwlongs,  as  to  he 
^"ViTinble  and  unsuspected  from  some  ofitsjirinoi pal  and  remote  inemlierB." 
Without  fatiguing  the  Society,  I  think  the  following  paragraph  on  the 
^tndy  of  Natural  Philosophy,  will  be  its  own  apology  for  i: 


220 


inee.1,- 


"  Aiuong  the  tno«t  remarkalile  of  the  oclestial  objcctR,  aw  the  r*»o]Tinj 
rioubte  stnre,  or  stare  nhicb  to  t]io  naked  eye  or  to  the  inferior  telcsoopa 
appear  single,  hut  if  exBLinined  with  high  magniO'in);  ponera  fcre  found 
to  consist  nf  two  individimlB  placed  alittost  close  togiitlier,  and  which  nliea 
carefully  watched  are  (mauy  of  thum)  found  to  revolve  in  io([\ilar  elliptio 
orbits  about  each  other  ;  andi  no  tai  as  we  have  as  j'ct  bocii  :ihle  ti 
tain,  to  obey  the  same  laws  wbioli  regulate  tlw  planetary  n)ovemont«.  Thet» 
is  nothing  calculated  tJ)  give  agi-eator  idea  of  the  bcilIb  on  which  thvaidttrial 
heaTena  are  constiiiuted  than  tliuse  beautiful  systeniK.  When  we  see  sunii- 
tnagni&cent  bodies  united  in  pairs,  undoubtedly  by  the  same  buiid  oC, 
mutual  graiitatiou  wljich  holdn  together  our  own  gysleni,  and  aweoping, 
over  their  enormous  orhita  in  periods  coni|irehen(ting  many  ix>nturiMi  «* 
admit  at  once  that  they  miitit  be  ftccomplisliiug  ends  in  creation  wbidt; 
will  remain  for  ever  unknuwii  to  man  ;  and  that  we  have  here  attained 
a  point  in  Science  where  the  human  intellect  is  corapelled  to  ocknowledgs. 
its  weakness,  and  to  feel  that  no  conception  the  wildest  imagination  cuo. 
form,  will  hear  the  least  compsii^ou  with  the  intrinsic  grentnitsaof  L 
Buloect." 

England  was  not  the  only  B|»it  from  which  he  made  his  ohsorvationB.. 
lie  found  it  desimhle  to  carry  an  liie  investigations  at  the  Capo  of  Qood^ 
Hope,  and  for  tliis  far  oil'  scene  of  inijuiry  he  embarked  with  hi*  lalnUy 
at  Portsmouth,  13  Nov.,  WSS.  The  uoursa  Ue  piesei'ibed  to  himself  M 
to  have  been  to  restrict  his  tuburs  almost,  if  not  entirely,  to  Stellar  A. 
tronomy.  Still  he  did  not  omit  to  make  many  carefhl  observations  of  tl 
Nebulta  of  Orion,  of  the  Milky  Way  and  of  other  heavenly  plrenonwiia  ; 
making  accurate  drawings,  which  he  subsequently  pubhshed. 

In  May,  IB3T,  an  extraordinary  «pot  appeared  on  i.he  »un'a  disc,  t]i*< 
marvel  of  which  was  mni'h  incr«aM>d  when  ^ir  John  puhlitibed  his  calctu 
lation  tliat  the  crater  of  this  supposed  volcano  was  sutHeieutly  large  to 
allow  the  globe  of  the  earth  to  pass  in  leaving  all  around  a  margin  «  ~ 
1000  miles. 

On  his  i-er.urn  to  England,  in  1(<38,  after,  a*  lio  states,  enjoying  mucb 
bappincBB,  togetlier  wltli  the  plcneurcs  of  good  society,  bis  grateful  coiu 
try  bestowed  upon  liim  the  dignity  of  a  Baronetcy. 

At  this  time,  Fhotogm|i|jy  beginning  to  iittnut  much  public  attuulioo,: 
Bir  John  turned  tils  thoiights  to  this  beautiful  art,  dlrentiug  lils  inqiitrtMi 
chiefly  to  that  point  so  important  to  I'lmtographers.  the  cliemioal  aojioii 
of  solar  rays. 

Of  the  value  attached  to  Sit  John's  soiriitillc  atv>inments  we  havv, 
abundant  evidence  in  tlie  instan«es  in  which  bo  was  called  upon  tooooupiTt 
tite  place  of  advisor  and  councilor.  A»  mcnit>er  of  thu  Board  of  Viaitntsi 
of  the  "  Itoyal  Olisorvatory,"  wlienhe  was  appointed  to  receive  tba annual' 
report  of  its  working  and  eiHcienc}',  n  member  of  tlie  "  Standard  Commln-i 
sion"  on  the  luestion  of  tlie  introductiou  of  the  "Metric  Byatsm  of 
Weights  and  Slcnsuros  ;"  for  many  yeani  as  one  of  tlio  tcadiug  meniben  , 
of  the  Council  of  tlie  Royal  Society. 

On  the  retirement  of  Duvjcs  GIILicri,  tliib  venerable  Roclpty  of  uvan 
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DMkrl;  fti)ee«e(I«d  in   ('"m|>i'OiniBiiig  Its  tillt^.  ti;  almott  Gl('c?',tiiig  tlip  t>lp- 

belnn  philosopliur  to  llie  dimity  of  Pn-Kidcnt,  in  prufen^iirc  to  the  Rofiil 

patron  of  tcioiicv  and  titeititure,  tlie  Diiko  or  Siinhox.    Bo  keen  was  tlio 

cntitcn  tiiat  the  sulyect  of  aiir  roenioir  lost  it  onljr  by  8  voles  in  a  moat- 

ling  of  840  memberH      lie  was  Preaident  or  the  ABtronomitaf  Society 

t\irvc  times.     In  1845,  he  preaidud  at  tlio  Bi-ltlBh  Aasociation  for  the  Ad- 

niieviueiit  nt  Soienoe  M  CamliridKe.     Many  learned  European  nocivtie^, 

,    timide  tliofe  of  bis  uwu  country,  r^oiced  to  inscribe  his  uume  on  their 

ntls ;  but  to  none  of  tbeiii  will  oui'  AmericuQ  Pliiiosophical  Society  yield 

in  it«  ndmiruiiun,  iif  this  ereiit  eitizcn  of  the  Kepublii;  of  Lltoratnre  nnd 

fidaUM,  as  evinced  by  tbe  beatow'al  iipoii  him  nf  their  if  i]>Tointt  of  ruuinber- 

Mf.    In  iwa,  he  was  elected  I.otd  Rector  of  Mariiicba]  CoUi-kb,    Abcr- 

inn. 

The  last  of  iiis  public  official  position!,  prerioiuly  to  bis  rttireraent  into 
Um  quietude  uf  a  otmntry  life  at  Colling  wood,  in  Kent,  whs  that  of  Matter 
«( the  Mini,  to  which  he  was  appoiuted  December  111,  1830,  nnd  which  he 
RtkiiKil  until  Profcuor  Graham^H  appointment,  April  27,  185G.  In 
Uiii  oQIce  Sir  John  was  a  worthy  successor  of  the  gi'eat  Sir  laaua  Newton, 
■bo  UllMl  tlint  office  in  tbe  reign  of  William  III. 

In  HibsviiiiL-nt  times,  the  Alastcrsbip  acquired  a  political  cbamcter  tmd 
■h  conferred  gcneratly  on  niembera  of  tbe  Cabinet,  whiob  continued 
BStU  what  is  known  familiarly  amongst  Mint  employes,  the  ftevolntion 
(f '51.  by  wbicli  tbe  old  aystiam  of  charters,  indentures  and  conttaots  for 
l^ineliiu);sand  eoiungea,  being  coiiMdered  nntiquutcd,  it  wm  desired 
V  llie  higher  powara  to  abnlitih.  Naturally,  this  move  caused  much 
*tlnn  and  disMttisl'acIion  ;  the  diKtastuftilness  of  wliioh  was,  however, 
pntly  modiiled  by  the  gentlo  and  conHiderate  manner  in  wliich  Sir  John 
ntrctiwd  tliu  authority  entrusted  to  him. 

Tlie  labor  and  anxiety  inseparable  from  a  reconHtniction  of  so  imiiort- 
MImi  Mtablishmont,  much  impaired  the  health  of  the  sulfject  of  this 
Winolr.  Still  hi&  mental  vigor  did  not  succumb  to  bodily  iiiflnnity,  as 
'■Uf  lie  was  at  his  jiost  about  11  o'clock,  raivly  leaving  till  S  or  6  p.  m., 
*Il«ii  ho  might  b«  seen  walking  out  with  his  portfolio  under  his  arm,  tilled 
*ith  papers  to  eonnidcr  and  revise,  as  an  evening  amusement. 

Among  the  many  alterationN  made  by  Sir  Jobu,  he  framed  and  cnlcu- 
l*t*d  bble*  for  standarding  the  vaiioas  qualities  of  gold  and  silver,  which 
•"JiMieded  tboae  mid  to  have  been  Sir  Isaac  Newton's. 

MDCtioned  tbe  abandonment  of  "Trial  Pbtes"  (dcnignnted  by  Sir 

j'")  which  had  been  pre]Mired  fram   time  to  time 

r  centuries,   and  presumed  to  be  mathematically  of  the  due 

IS  of  tbe  pure  noble  metal,  but  not  really  so.     In  lien  of  this 

r  John  din>oi«d  tlie  Queen's  Af«ay  Ma»tei-  to  use  his  best  en- 

e  the  evil,  so  that  no  officer  of  a  foreign  mint  should  be 

B  the  conventional  pniityof  our  Britinh  coin  as  being  other 

d  916.6,  and  for  silver  93!i. 

•toff  effect  to  tbe  Miuler's  wishes,  the  Ijneen's  Assay  Master 

licttt  tbe  important  correction  by  preparingand  introducing  diem- 
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jcnily  pure  gold  and  lilver,  in  plaoo  of  the  standard  trial  pl»t«s.  Ths 
foltoiriiiK  eztr^t  from  Sir  Jolin's  conespondence  may  be  approprlMelf 
introduced  here. 

"The  almost  mathemstical  coiiioidenco  of  tlie  result  of  the  Pjt  iihoat 
30  millions)  with  the  legKl  Bt»ndard,  is  the  beat  proof  whioli  ran  be  ad- 
duced of  tile  admirable  lystem  of  working  the  assays." 

Ab  illustrative  of  the  unfailing  kindness  of  this  great  man  towards 
friends,  as  well  as  towards  those,  who  had  liad  the  Uiip[>inesa  U>  scrva 
nnder  him,  the  writer  may  be  pardoned  for  iutrodueing  some  of  his  lail 
utterances  contained  in  a  lett«r,  penned  only  five  weeks  before  his  depnrt- 
uie  ti>  those  realms  of  Light  and  Truth,  amidst  tlie  wonders  of  which, 
while  ia  the  desh,  he  lored  to  live. 

"  I  nm  GuJTering  under  an  att^wk  of  Bmnchitis,  which  has  lasted  m«  all 
the  winter,  so  excessively  scTeie  that  I  can  hardly  hold  the  pen,  which 
must  excuse  the  brevity  of  this,  and  being  now  in  my  80th  year,  I  con 
hope  for  no  relief.  I  shall  rela-in,  however,  to  Ifif  l"'C,  a  I'leasing  rec^ol- 
lection  of  aid  and  support  I  rei'eived  from  you  during  the  period  of  my 
admiDistration  of  the  lliut,  and  I  know  you  will  believe  me  ever,  m] 
dear  sir,  yours,  most  truly. 

To  U.  W.  F.  (Signed)    J.  F.  W.  HERSCHEL. 

In  bis  domestic  cii'clc,  he  could  unbend  to  the  capacity  of  the  young, 
in  whose  amusements  he  joined  with  spirit,  and  considering  his  advanced 
years,  with  wonderful  energy.  It  may  bo  instnnocd  that,  only  a  few  years 
back,  the  great  astronomer  eondesceiided  to  enter  cordially  into  tb& 
children's  Christmas  gambols,  and  played  in  the  roost  animated  nianner 
the  part  of  Sir  Geoige  with  the  Dragon ;  habiting  himself  in  a  coftt  of 
mail,  extemporized  from  various  culiniiry  articles.  Bis  iuipromptu  dia- 
logue with  his  son  as  "  the  Dragon,"  was  said  by  (he  elders  to  be  ab- 
surdly clever.  "The  Herscbels  do  everything  well"  was  a  common  way 
of  speaking  of  tlio  philosopher  and  his  (Umily  ;  so  here  the  Dragon  w 
so  life-like,  thougli  made  only  of  brown  paper  with  a  scarlet  clotb  tongue^ 
and  the  knight  looked  so  doughty,  tliat  the  tableau  nearly  seut  ouo  of  Ui« 
children  into  oonvulsious. 

Sir  John  F.  W.  Hersobel,  Bart.,  K.  11.,  D.  C.  L.,  &c.,  was  bum  at 
Slough,  near  Windsor,  7  March,  1703.  He  married,  in  lS30,^UarK«r«t 
Brodle,  daughter  to  the  Rev.  Dr.  Alexander  Stewart,  by  whom  he  had  a 
family  of  three  sons  and  nine  daughters.  Que  is  married  to  Oeueral,  the 
Hon.  Alexander  Gordon,  uncle  of  the  present  Lord  Aberdeen,  and  c 
heir  presumptive  to  that  title.  His  youngest  son  is  an  oIKcor  in  the  Royal 
Bengal  Engineei-s.  lie  is  succeeded  in  the  title  by  his  son  Mr.  William 
James  Uerschel,  of  tlie  Bengal  Civil  Service,  who  was  born  In  1883  and 
married  iu  IHS),  Aunt.'  Emma  ITaUlane  lliirdeaKtlti,  daughter  of  the  ti 
Mr.  Alfred  llardcnsllo,  of  Hatchnm,  Surrey. 

Sir  John  died  at  his  seat,  Cutliugwood,  Ilawklmiyt,  Kout,  on  Thu»- 
day,  the  lllh  May,  IBTl.  at  10  o'clock  *.  «.,  being  [u  his  80th  year.  II* 
WM  buritd  in  Westminster  jkbbey,  on  Tui'sday,  the  ISth  May.     llig 
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mains  were  fullawed  by  tlio  Prefiidenta  and  many  memhei'i  of  tlie  various 
learned  aooieties  of  England,  also  by  tbe  chief  niea  of  science  in  London. 
The  well-knowii  Deao  Stanley  ofUcinced  on  the  moiirnfu]  occasion,  and 
on  the  following  Bundaj'  delivered  in  tlie  Abbey  one  of  bis  beautiful  char- 
acteristic sermons  which  lua;  be  found  in  exttnto,  in  tbe  July  number  of 
"  Good  Wordo,"  P-  4o3  (u  work  to  whicli  he  occaalonally  contributed 
ffome  popular  papers  on  the  nondcra  of  the  L'niverae).  The  Dean  Uxik 
fais  text  front  tbe  14th  and  ISth  verses  of  the  Ist  chapter  of  Qenesis. 

"  And  God  said  let  there  bo  lights  in  tbe  Hrmameut  of  the  Heaven  to 
divide  the  day  from  the  night;  and  let  them  lie  for  »igna  und  for  scasoiia 
mud  for  days  and  yeiUH ;  and  let  them  he  for  lights  in  the  firmament  of 
tlie  beavcn  to  give  light  upon  the  earth;  and  it  nikS  so.'' 

Olsncing  attlic  private  sentimentB  of  Sir  John,  in  these  days,  when  there 
a-Sipenra  to  be  an  increasing  antsgonism  between  science  and  revelation, 
ifc  is  refreshing  to  remember  how  frequently  in  his  wrilings,  and  in  con- 
v^ersation  with  some  of  bis  friends,  strong  indieationa  »re  ohservahle  that 
fclae  lofty  mind  of  him  who  was  a  mnst«r  in  the  science  of  the  starry 
K>^!avens  could  ixmetrate  into  higher  regions  still,  and  forget  tbe  proud 
»*^Viievement8  of  intellect  and  scienoe,  in  tlio  humility  of  the  adoring 
dSlirixtian;  a  humility  which  also  manifested  itself  towards  man  in  count- 
less acts  of  generous  sympathy  and  consideration.  Of  him  truly  it  may 
'fca«3  Mid  in  the  language  of  a  poetical  tribute  to  bis  memory,  which  bax 
«"'^ceuily  appeared  in  a  periodical  of  the  day  ("Good  Words"!. 


D  the  above  sketch  of  the  scientific,  ofBcial  and  personal  chomcter  of 

[Idepacted,  it  will  besuCBciently  apparent  that  with  numherless  other  a«- 

iatiuns  of  tbe  learned  and  scientific,  iuthedeceaseof  Sir  John  Herscbel, 

*  -wir  Society  has  to  deplore  tbe  loss  of  a  member  whose  name  adorned  the 

>  Catalogue. 


■.  Dubois  offered  tbe  following  paper  upon  a  quasi  Coin, 
/opper,  alKirmGd  to  bave  been  foiiiid  ai  agrcat  deptb,  iii 
inots. 

e  anuuai  reports  of  tbe  Treasurer  and  Publication  Corn- 
e  were  read  aud  referred. 


Fonding  nominations  679  to  t)82,  and  new  uomination  683 
;  and  the  meeting  was  adjourned. 
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On  a  quasi  Coin  RErouTED  found  in  a  boring  in  Illinois. 

Read  before  th^  Arnerican  PJnlosophical  Soriett/,  Dee,  1,  1871, 

By  Wm.  E.  Dubois. 

In  July  last,  a  letter  was  received  at  the  Smithsonian  Institute,  from 
Mr.  Jacob  W,  Moffit,  of  Chillicothe,  Peoria  county,  Illinois,  enclosing  the 
photograph  of  a  medal  or  coin,  with  the  following  particulars  iu  relation 
to  it : 

**Iu  August  1870,  I  took  a  contract  of  sinking  a  tubular  well  for  Mr. 
Peter  Cline,  in  this  county.  I  had  two  men  emjiloyed  to  assist  in  the 
labor,  who  are  cognizant  of  all  the  facts  connected  with  the  finding  of  the 
coin. 

"Tlie  following  are  the  several  strata  through  which  we  passed.  We 
used  a  common  ground  auger,  three  inch  bore  : 

"Soil,  3  feet.  Yellow  clay,  10  ;  blue  c!ay,  44  ;  clay,  sand,  and  gravel  4  ; 
purple  clay,  19  ;  brown  **hard  pan,"  10  ;  green  clay,  8J  ;  vegetable  mould, 
2  ;  yellow  clay,  2 J  ;  yellow  hard  pan,  2  ;  mixed  clay,  20^. 

**nere  we  brought  up  the  coin,on  the  auger,  from  a  depth  of  one  hundred 
and  twenty-  five  feet. 

"It  has  been  examined  by  gentlemen  in  Chicago  and  St.  Louis,  without 
any  result  in  explaining  the  mystery  of  its  origin  or  date.  It  is  my  desire 
that  a  further  investigation  be  made.  I  can,  if  necessary,  send  affidavits 
of  myself  and  other  parties  as  to  the  truth  of  these  statements." 

[Signed]  Jacob  W.  Moffit. 

h  may  here  be  added,  that  the  place  is  in  a  great  prairie,  near  the 
centre  of  the  State,  and  near  the  Illinois  river  ;  about  80  miles  east  of  the 
Mississippi  river. 

Professor  Heni-y  having  repeatedly  referred  rare  coins  to  me,  took  the 
same  course  on  this  occasion,  giving  leave  to  communicate  the  facts  to 
this  society,  if  it  was  thought  proper. 

An  examination  of  the  piece  itself  was  necessary  ;  and  in  reply  to  my 
request  the  owner  forwarded  the  same,  with  furtlier  details,  to  wit : 

"  In  answer  to  your  questions  I  must  say,  that  very  few  wells  or  shafts 
in  this  region  have  attained  a  depth  of  move  than  50  or  75  feet,  except  in 
the  valleys,  where  occasionally  we  find  a  well,  through  sand  and  gi-avel 
drift,  at  the  depth  of  100  feet. 

"  The  only  token  of  civilization  discovered  at  a  similar  depth,  in  this 
State,  was  taken  from  a  shaft  in  Whiteside  county,  about  20  years  ago. 
The  workmen  at  the  depth  of  120  feet  discovered  a  large  copj>er  ring  or 
ferrule,  similar  to  those  used  on  ship  spars  at  the  present  time.  They  also 
found  something  fasliione<l  like  a  boat-hook. 

**  There  are  numerous  instances  of  relics  found  at  lesser  depths.  A  spear- 
shaiHid  hatchet,  made  of  iron,  was  found  imbedded  in  clay  at  40  feet ; 
and  stone  pipes  and  i)Ottery  have  been  luiearthed  at  depth  varying  from 
10  to  50  feet  in  many  localities. 

'*No  rational  estimate  has  ever  been  made  of  the  rate  of  annual  earthy 
deposit.     Our  prairie  land  seems  to  have  been  built  up  by  a  deposit  from 
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waters  wIiobb  (.■iirrent  set  in  Troin  tbv-  N,  W.,  chnngiug  its  courae  only 
when  in  contact;  with  some  (then)  eroinenee  now  far  below  the  Hurrace. 
The  soil  is  seldom  over  Ihi-ee  fuetiii  tbicknew.  usually  underlaid  by  n  yel- 
low bnrd-pan  of  two  to  three  feet.  Wood  in  quite  common  at  all  deptlis 
at  which  wella  have  been  sunk  in  blue  clay. 

"  Nothing  has  been  fouud  in  any  of  the  Western  moundB  («b  (ar  as  I 
am  informed)  bearing  any  resemtilanpe  iu  foi'm  or  cbai'act«r  to  this  coin. 
"On  taking  the  coin  from  tlie  auger,  I  washed  the  clay  from  it  with 
water.  It  then  presented  no  appearance  of  corrosion,  bi'ai'iD|{  a  dull  red 
hue,  Hucb  as  is  common  to  old  copper.  However,  after  a  few  minuted, 
exposure  to  tlie  air,  it  bet^an  to  blacken,  and  in  a  ahoi-t  time  was  en- 
crusted with  a  dark  creen,  gummy  coat,  which  I  allowed  to  harden,  ami 
then  removed  by  friction." 

Thus  far  from  Mr.  MolHt,    I  learn  from  another  sunrco,  that  Chillicotha 

*»   liuilt  upon  an  aUuvium  of  the  lUiuoia  liver,  very  sandy,  Iooho,  and  easily 

Wfa.ahed  away.     The  river  thereabouts  ih  widened  into  a  lake,  about  one 

na  ile  and  a  quarter  wide,  and  Iwelvemilcs  long.     The   French   pioneers 

'^«»xit   through   that   region,  about  the  olose  of  the  seventeenth   century. 

'^^Z'  fcether  the  ground  on  which  ChilUcothe  stands,  has  been  made  by  the 

*~'>'%rcT,  to  thedcjitli  of  135  feet,  since  the  entrance  of  the  whitei.  is  a  point 

*^w>     which  tbe  residents  there,  with  or  without  geological  instruction,  uan- 

•■^^■fc  venture  an  opinion. 

-lAs  to  the  facts  as  ahov-e  statod,  titere  is  every  reason  to  rely  upon  tbeir 
^^'^vrsuiacy.  I  have  to  add  some  remarks  on  tbe  physical  and  artiatical 
^■~^^  its  of  die  coin  itself. 

^K^Voperly  speaking,  it  is  not  a  Mia  or  medal,  since  the  marks  upon  it 

^*-  '^e  not  been  produced  by  striking,  but  by  engraving   or  caching ;  and 

~**^»y  are  sunken,  or  intaglio.    It  is  of  copper  in  good  condition,  in  shape 

'     •-•I ygonal   approacluug   to  circular,   about  one    and   an   eighth  inch  in 

*  **■  iiiuler  ;  somewhat  pitted  by  corrcBions,  and  with  very  rude  flgui'eH  and 

*^^-*»«riptions  ou  both  sides.     The  cential  image  on  one  side   is   that  of  a 

^^=*-n,  or  a  child;  on  the  other  are  two  animals,  oue  of  them  like  a  wild 

"^-W^  with  conspicuous   ears.     The  legends  are   plain  enough,  to   any  one 

•*  o  can  read  Uiem ;  but  being  somo where  between  Arabic  and  Phono- 

^*~s*phic  without  being  either,  they   ai'e   suflicieul.ly   puziling.     Happily 

I         ^^    liave  members  whone   knowledge   of  paleography   may   throw   some 

^^^felit.     Fur  myself,  1  have  ven  nothing  like  it. 

-^»  Ut  the  Other  artistic  characters, the  metal  proves,  by  a  delicate  gauge, 

-    ~^    Y>e  very  nniform  in  thickness  ;  more  so  than  could  be  attained  by  the 

r*  *^*^ting  out  of  a  hammer  In  savage  bauds,     I  therefore  feel  sure  it  ha* 

*    "^ *wed  through  a  rolling-mill  ;  and  if  the  ancient  Indians  had  such  a  con- 

^^ranue,  it  must  have  been  pre -historic. 

Chere  are  other  tokens  of  the  machine  shop.  Any  oue  can  see  that  the 
*****«•  haa  been  shaped,  not  with  much  symmetry,  with  shears  or  chisel ; 
^~**«i  tlm  »barp  edge  taken  down  with  a.  file.  Coins  or  medals  wore  not 
^^^-^  «.M  tlnisbed    in   aacient  times,  but  they  were  in  the  middle  agop.  and  in 
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Bpaniah  America  down  to  aliout  150  jeui-s  past.  (Tapping  tbaodge  witk 
a  haniiner,  was  :i1sn  iu  nee). 

If  the  HguroB  aud  characters  were  made  with  n  tool,  it  must  have  bo«ii 
a  veiy  rude  one.  since  H  *'  ttat-aosed  "  grsvar  would  have  left  a  amootli 
trough,  while  here  it  is  rough  and  grauular.  This  would  suggest  the 
greater  likelihood  of  rtcAirty,  ware  it  Dot  inconceivable  that  bo  advanced 
an  Art  should  have  been  prootiucd  long  ago  ou  the  Western  prairies.  The 
mineral  acids,  used  for  such  work,  were  nowhere  known  until  about  tho 
fourteenth  century  ;  and  in  lllin«is  while  we  might  suppose  agjia  ardkutt, 
we  cannot  concede  aqua  fortii,  longer  ago  than  one  century.  Uu  tha 
wliole,  it  lias  been  worked  out  with  a  very  crude  instruraent. 

As  to  the  condition  of  the  piece,  and  the  discoloratioDsj  it  is  well  known 
that  cop |>er,  exposed  to  the  air,  aoijuiresaBuperllcial  sttb-oxide  or  dioxide, 
which  protects  it  from  further  deatruction.  Very  many  ancient  copper 
coins  have  been  turned  up  by  the  spade  or  plough,  which  with  ft  little 
cleaning  up,  look  as  if  just  out  of  the  mint.  I  hei-ewith  show  a  spAcinieD 
of  Tetricua,  a  Roman  usurper  of  the  purple,  in  France,  about  A.  D.  270; 
entirely  free  from  corrosion.  1  nlso  show  a  more  interesting  piece,  whicti 
with  many  others,  was  ploughed  up  in  the  southern  part  of  England, 
about  30  years  ago.  They  were  all  so  encrusted  as  to  be  illegible,  and 
the  owner  gave  me  a  choice  at  haphazard.  On  removing  the  coat  of  mkil, 
and  leaving  only  the  mixture  of  brown  and  black  oxides,  it  turned  out  to 
be  a  coin  of  Carauaius,  who  established  himself  as  a  Roman  Emperor  ia 
Britain,  A.  D.,  387;  as  long  before  William  the  Conqueror,  as  William 
was  before  Victoria.  This  pieoe  is  rai-e  and  in  j>erfect  order,  and  forms  « 
part  of  the  Mint  collection. 

Home  ancient  coins,  especially  those  with  a  slight  alloy  of  tin  or  cala- 
mine, making  them  bronze  or  brass,  are  beautifully  ooated  and  proteot«d 
With  ttie  green  carboanle,  the  same  a»  that  wliich  formed  on  the  niinole 
piece  before  cleaning.  1  herewith  show  one  of  these  putinnted  pieeeo,  » 
coin  of  Augustus,  also  from  the  Mint  CJabinet.  They  may  have  be«a  in 
favorable  hiding-places,  such  as  cinerary  urns,  or  columbaria. 

All  things  considered,  I  cannot  regard  tills  IllltioiB  piece  em  aiuUnt,  nor 
«ld,  (observing  the  usual  distinction);  nor  yet  rtcent;  liecauso  the  "tOoUl 
of  time"  is  plainly  visible. 

What  the  piece  was  made  for,  is  a  part  of  tlie  inquiry.  Not  for  cumtnl 
money,  because  it  would  take  a  long  time  to  make  a  liaudrul ;  luoreltkelj 
a  work  of  amusement,  possibly  to  exercise  tlie  antiquarians.  But  bow 
it  got  into  such  a  deep  place,  supposing  It  a  bonu  Jid»  disiuveiy  i^hieh  I 
cannot  call  in  question,  is  a  very  perplexing  point,  and  I  gladly  band  cnwe 
the  eiplanalion  to  any  one  willing  to  undcrl.ike  it.  Certainly  It  seemii, 
In  connection  with  tlie  finding  of  the  copper  ring,  and  other  artloleit  of 
iron  and  <>ioi><\,  at  considerable  depths,  to  form  an  item  in  tho  atady  of 
the  formation  of  the  superQclal  strata  In  lliat  luturuBtlug  sovtiua  of  aur 
country. 

Since  the  foregoing  was  written,  1  am  favored  with  the  euggeaiions  (in 
writiiiK)  of  l-^ofussor  Lesley,  llo  suspeols  that  if  anything.  It  in  as 
ajitrulogioal  amulet.    There  are  upon  it  tlieiiigusof  Piscaaand  \m3.    Tfaa 
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figures,  on  tiie  obverse  and  reverse  faces  correspond  in  llio  attitude  of  tUe 
lofl  Arm  raised  and  flourishing  a  whip,  or  tJiuoderbott.  He  reads  the  date 
1372,  and  «ays  that  no  geologist  can  accept  the  statement  that  a  pieca 
of  that  Age  could  be  lying  naturally  at  a  depth  of  13S  feet,  under  an 
lUtDois  prairie.  Tbe  piece  was  placed  there  as  a  practical  joke,  though 
not  by  tbe  present  owner;  and  is  a  modern  faliricatiou;  perhaps  of  tbe 
tixteenth  century;  poaaibly  of  Illspano-Americnn,  or  French- A.merican 
origin.  It  may  bave  some  connecliun  with  tbe  journeys  of  tbe  earl/ 
French  priests  or  their  voyageurs. 

X  would  only  add,  that  those  views  are  forcible,  but  yet  they  take 
iin]>OBturo  for  grauted,  and  in  so  doing,  leave  us  in  this  dilemma ;  tbat  a 
curious  i)iece  was  made  many  years  ago,  and  held  for  the  purpose  of  trick, 
until  a  deep  hole  should  be  made,  long  afterwanlii,  in  which  to  bury  it, 
ami  complete  the  deception.  It  is  also  very  hard  to  believe,  that  an 
intelligent  and  experienced  operator  in  this  line  would  allow  himself  to  be 
•ported  with  by  workmen,  and  take  bo  mucli  iniins,  far  and  near,  to 
I        iMotirtAin  what  kind  of  article  he  had  found. 

^^^Blr.  Lesley  e.'tplainud : 

^^^^^■b  cxNisidered  the  integrity,  experience  and  vigilance  nf  the  well  sinker 
^^^^iBvarantee  against  the  surreptitious  insertion  of  tbe  coin.     It  is  impos- 
I     i^tbln  to  prevent  a  practical  Joke  of  that  sort  when  the  jester  is  resolved  to 
Suits  it  so.     Experience  furnishes  a  thousand  proofs  of  this  in  our  exten- 
sive oU  regiooH,  where  all  kinds  of  rubbish  have  been  brought  to  the  sur- 
Y'aca  from  considerable  depths  ;  nails,  anthracite  coal,  California  nuggets, 
•  'butter  of  antimony,"  Lake  Superior  Red  hematite  iron  ore,  &c. 
I  It  looks  as  if  there  is  a  good  deal  of  this  sort  of  thing  going  on  iu  the 

"^veet.     The  <K>pper-ring  and  boat-hook   "  taken  from  a  shnft  at  Whitside; 
^«t  »  fleplh  of  130  feet,"  "the  iron  spear-shaiwd  hatchet  embedded  in  clay 
^t  40  feet"  mentioned  in  the  paper,  are  sulijeots  for  tbe  same  incredulity, 
"j'he  only  possible  explanation,  excluding  an  imputation  of  fraud,  in  the 
^^^^fct«r  case,  -would  presuppose  the  recent  filling  up  of  a  bole  in  the  river 
^^^^^Kwith  clay,  through  which  a  piece  of  iron  might  slowly  settle  down. 
^^^^^Bie   discovery  of  a  circular  stone    fire  place,    with   embers,   by  Mr. 
^^^^^Rtobe's  pariy  of  engineers  in  a  gravel  cut  for  the  rond  bed  of  the  Balti- 
^^^BRk  and  Ohio  li.  li.,  many  yearn  ago,  at  a  depth  of -^0  or  60  Feet  beneath 

~%:lie  surface,  is  a  circumstance  belonging  to  qaite  a  dilTerent  category. 
I  III  the  presentcasewe  have  an  evident  imitation  of  Mediterranean  coins. 

~Sat  the  central  figures  are  unmistakably  Red  Indian  in  Uieir  character. 
1l  la  either  unique  of  Its  kind,  or  one  of  a  very  small  class.  The  proba- 
%IUUM  against  a  borehole  striking  such  an  object  are  simply  inUnity  to 
^NW.  The  imprnbiibilities  of  the  coin  being  at  or  near  the  surface,  and 
fteltrg  worked  out  from  the  wall  of  the  hole  by  the  frictioii  of  tlie  rods,  in 
«qaaUy  great.  There  is  too  much  method  in  the  arrangement  of  the 
olementH  of  the  legend  to  doubt  that  the  maker  had  a  deflnito  idea  to 
A  coni|iound  oval  symbol  occupies  the  right  edge  on  each  face, 
d  tony  have  a  plmllic  significance.    But  the  two  human  tigurcs  on  one 
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race  Heem  ratlier  to  be  in  conflict  than  in  coDJunction.     The  head  drew 
may  represent  hair,  or  ma;  repretent  the  IndUn  warrior's  featiier  ereat. 

Profeuor  Trego  remarked  that  he  had  seen  the  once  famotu  giftre 
mound  lelic  and  the  man  "whodiscoveted"  and  possesKd  it,  and  belleTcd 
it  to  be  fraudulent.    He  had  no  fiuth  in  such  discoveiiea  in  the  west. 


Slaleil  ifeeting,  Decemhtr  15,  1871. 

Present,  twelve  members. 
I)k.  Wooii,  President,  in  the  clmir. 

lAstters  of  fiukiiowledgment  were  received  from  the  Anthro- 
pological Institute  of  G.  R  and  Ireland,  Nov.  24,1871,(83, 
84,  85,  80,  and  Trans.,  Part  1,  1870).  The  N.  V.  d.  P.  R.  u. 
W.  at  Bonn,  Feb.  5.  1871  (82,  8;i).  The  N.  Ges.  Emdeu., 
Sept.  21,  1871  (84,  85);  and  the  Linnean  Society  at  Bordeaux, 
July  12,  1870  (78,  79). 

Jjetters  of  envoy  were  I'cceivcd  from  the  Societies  at  Bor- 
deaux and  Emden,  Sept.  22,  1871;  the  Geographical  Society 
at  Vienna,  Sept.  3,  1871;  the  American  Legation  at  the 
Hague,  Nov.  28,  1871;  and  the  U.  S.  Naval  Observatory, 
Dec.  5.  1871. 

The  death  of  Count  Agenor  Eticune  de  Gasparin,  in  June 
last,  was  announced  by  the  Secretary. 

Professor  Cope  commnnicated  his  views  on  the  Method  of 
Creation  of  Organic  Forms,  with  illustrations  on  the  black- 
board. 

Professor  Cope  added  a  Catalogue  of  Pythonomorpha  found 
in  the  Cretaceous  strata  of  Kansas, 

Ponding  nominations  679  to  683,  and  new  nominations  684 
to  688  were  read. 


2™  ICopo. 

Q  motion  of  Mr.  Price,  the  following  resolution  waa  adopted: 
'Mohtd,  Tbnt  the  Traanurer  be  authorized  to  pay  to  the  Treasurer  of 
the  FainnotiDt  Park  Commissioners,  three  hundred  dollars  ftSOO)  or  Uio 
interestor  rent  lately  received  on  the  Micliaiix  Legacy,  to  bo  applied  to- 
wanla  tlie  Mlcfaans  Grove  and  Hichaiis  Nursery  of  OakH  in  the  Park, 
agreeably  to  the  resolution  of  Harcb  IStli,  1870  (see  pa^  312,  Vol.  XI., 
Procee^lingn  A.  P.  8.) 

And  the  meeting  was  ihen  adjourneil. 

A.NIC  POKMR. 


the  mkthon  of  creation  of 
By  Eb.  D.  Copb, 
■Jbad  before  tht  Ariufrican  Philoiophical  Soeiety,  Dffeialier  XHlh,  I 
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l&FTBK  I. — On    TUB  Law  or    Acceleration  and    Rktahdatiok. 
EjSatuTa  of  law  or  Natural  selection.     Two  kinds  of  evideiiue.     Illu»- 
Esauiples  from  uervidu,  helicidaj,  insecU  aud  men. 
OttAiTEB  11.— Thk  Law  oif  Repetitive  Additior.    SogincHt  and  cell 
repetitioa.     Illustnttioa  fnim  limbs  and  vertebra]  coliimii.     A.  On  seg- 
ment addition;  dellnitioiis.   Un  reputition  iu  bilateral  and  antei'oposterior 
netry;  iu  structure  of  compound  teeth;  in  BCffnients  of  articuluta; 
mbs  of  Reptiliii;  bniin  of  lamprey.     B,  On  cell  repetition;  simple  seg- 
repetition  of  cells;   simple  diverticulum   the  sanie.     The  cell 
Bory;  the  nucleated  cell.     C,  Synthesis  of  repetition.     From  unicell- 
r  to  tnalticollalar  animals;   simple  repetition   to  compound  repa- 
jUon;    Aeliaia,  Lepidoiirea,    lehtkyataurut,    Pie»ioiaurui,  Taaia;  the 
mammalian    teeth.      I),  i)n  growth  force;    relation  lo  other 
m;  definition.     E,   Oireotiun  of  repetition,  its  location,  centrifugnl 
I  longitudinal;  movements   longitudinal.     Inheritance;  its   relation 
0  growth  force. 

ItPTKR  in. — Tub  Law  op  Use  and  Effort.     Points  to  be  investi' 

A,  Qn  the  location  of  growtli  force.     Relation  of  eRort  to  use. 

dimental  ofaaractera.     Examples  of  growth  iiocler  influence  of  phys- 

J  laws;  Examples  of  colors  under  inlluenoe  of  light.     Use  and  disuse 

ifgillB.   Kattlosnake;  homed  animals.    Teeth  of  rurainants.   B,  Change 

BMiunint  of  growth  force.     Local  increase  of  growth  force.    Cunvo- 

Btruotares;   brain,  teeth,  cotyledons.     Absoluh!   loss  of  growth 

Teeth  and  toes  of  Rumiimnls;  incisors  of  Rodents. 

|ii-TBB  IV.— On  Grade  Influbbck.     A,  On  the  nature  of  Orade 

iHaenee  or  Batlimisjii.     Delinitious.     In  plants;  in  animals.     Increase 

■  Ume  of  Uatlimism  and  growth  foi'ce.  VitiU  forces  an<l  vital  inHuences. 

m^t  force.     Oriijin  of  Bathmisin  in  time.     B,   Physiolc^ical  origin 

(  Batlimiam.     Function  of  nervous  system  in  force  conversion.     Au- 

mtlo  and  habitual  movements.     Effect  on  norvous  system.     C,  The 

inmilaHoa  of  gnulu  influence.    Secretion  in  general.    Spermatosodids. 

ncK  V. — IsTBt.LiOKST   Sblbctios.     Development   of  intelligence. 

^Imali  to  use.     Compulsion,  Choice;  Bees,  Food,  Rattlesnake;  Change 

if  odor;  Uiinetic  analogy.  Examples.    Devflopuient  of  character. 


^ 
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In  the  present  Htat 
only  be  tentative  in  w 
tlielcsa  the  present  I 
Held,  and  properly  s 
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of  biolfigical  Bcienoe,  eBsaya  like  the  prcBent  can 
fnr  u  tbey  troal  nf  the  laws  of  evolution.  Never- 
nie  ie  pi'ei'tninently  one  of  generalisation  in  Uiis 
Facts  have  beoD  accumnlatiiig  for  a  long  period, 
Hiifficieully  muiievouH  to  yield  important  rosiiItB,  under  proper 
ciassili cation  and  indiietion.  Darnin  led  tlie  way  in  this  work,  nnd 
the  development  hypulhesis  ia  i-e^trdod  as  demonstrated  by  most  biolo- 
giHts.  The  discussion  of  the  laws  of  its  pivgresg  invoWeB  a  multitnde  of 
subordinate  hypotheses.  In  the  following  essay,  these  are  arntng«d 
under  Ave  prominent  heailn,  viz:  I,  The  law  of  Acceleration' iind  Roianl^- 
tion;  a.  The  law  of  Repetitive  Addition;  3.  Tho  law  of  Use  and  Effort; 
4.  The  law  of  Grade  lulluenoe;  fi.  The  law  of  Intelligent  Bolpction.  Of 
these,  tlio  first  and  second  are  regarded  by  the  autbor  as  demonstrated, 
the  tliird  and  fourth  as  only  reduced  to  a  partial  iluinoustration,  wbila 
the  fifth  is  ft  conjMMineuce  of  the  third,  and  utonds  or  fdlla  with  it. 

Tlie  disouBsiou  of  this  mbject  dkvides  itself  into  two  parts,  vix;  a  ooiw 
sideration  of  the  proof  that  evolution  of  organic  types  or  desvent  wHh 
modilication  has  taken  place;  and  secondly,  the  invcsligalioii  of  the  lawa 
in  acoordance  with  whii^h  this  development  has  progressed.  As  the  hUhtr 
involves  tlie  use  of  the  evidenoe  iucluded  in  tlie  former,  I  nill  not  d»- 
vo1«  A  special  chapter  to  tlic  pi'oof  for  evolution. 

The  infiuencen  and  forces  wliiuh  have  ojwrated  to  produce  the  type 
stnictiii'es  of  the  animal  kingdom  have  been  plainly  of  two  kinda;  I. 
Originative,  2.  IHrffUvt.  The  prime  importance  of  the  foraier  is  ob*i< 
ous;  that  the  latter  is  only  secondary  in  the  order  uf  time  or  snccessioo, 
ia  evident  from  the  fact  that  it  controls  the  pteservatSoa  or  dustruotion  Of 
the  results  or  creations  of  the  flrrt,  and  thus  fiimiHhcB  tbn  tmiicB  nf  tbn 
exliibitiong  of  the  originative  forc«s  in  tho  production  of  the  Hin'Oesaiv* 
generutiona  of  living  boiugs. 

Wallace  and  0»rwia  have  projiounderl  ns  the  cause  of  modlflcA' 
tion  in  descent  their  litw  of  natural  selection.  This  law  has  Ijeun  ep> 
itomized  by  Spencer  as  tlie  "survival  of  the  fittest."  This  neat  ox- 
Iiression  no  doubt  rovt^iu  the  case,  but  it  leaves  the  origin  of  the  (Ittost  «d- 
tirely  untouched.  Darwin  assumes  a  "tendency  to  variation  "  in  nature, 
and  it  is  plainly  necessary  to  do  this,  in  oi'der  that  materials  for  the  enr- 
cise  of  a  selection  should  exist.  Darwin  and  Wallnoe's  law  Im,  than,  on^jr 
restriotivo,  directive,  conservative,  or  destmctivo  of  soniethins  alrwidj 
ureati^d.  I  propose  then  to  seek  fnr  the  originative  Liws  by  which  thean 
snhjects  are  fiiraislied— in  otiier  words,  for  the  causes  of  the  origin  of  tb» 
Httext. 

It  has  seemed  to  llie  author  so  i.<i«Hr  from  the  first  as  to  require  no  dem- 
onstration, that  Natural  Selection  includes  no  artivelg  progri»sive  priuelpl* 
whHtever;  that  it  [oust  [imt  wait  for  the  development  of  variation,  and 
then  after  securing  the  survival  of  the  best,  wait  again  for  tlie  beet  to  pr(k 
jeot  it«  own  variations  for  selection.  In  the  qui-ntion  aa  to  whether  the 
latter  arc  any  better  or  worne  than  tlie  charjuters  of  the  paiciit,  natural 
selection  in  no  wise  concerns  itself. 
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7*lwn!  are  two  tnodes  of  demonstration  of  evolution,  both  dependinf;  ou 

d[r'e<t  obMrvation.    One  of  these  has  been  suocessfullj  presented  by 

Ua^^n.     He  hofi  ob»erved  the  origin  of  varietioB  in  animals  and  plaoti, 

•itixr  in  the  domesticated  or  wild  states,  and  has  nhowu,  wliat  hod  been 

lLti<»wD  to  many,  the  lack  of  distinction  in  the  grades  of  difference  which 

■>pM.rat«  varieties  and  species.     But  lie  has  also  pointed  out  that  species 

Imch,  su  far,  as  distinctness  goes)  have  been  derived  from  other  speoies 

unong  domesticated  animnlH,  and  he  infcrD  by  induction  tli at  other  spe- 

ctM,  kLou  origin  has  not  been  observed,  have  also  descended  from  com- 

Mon  parents.     Bo  far,  I  believe  his  induction  to  be  Justified ;  but  when 

I      tmn  Ibts  basis  evolution  of  divisions  defined  by  important  structural 

diancters,  as  genera,  orders,  classes,  etc.,  is  inferred,  1  believe  that  wc 

1      do  not  know  enongb  of  the  nniformity  of  nature's  processes  in  the  prem* 

[      iM  to  enable  us  to  regard  this  kind  of  proof  as  couclusive. 

I  Ihorofore  appeal  to  another  mode  of  proving  it,  and  one  vthich  covers 
lit  cue  of  all  the  more  really  structural  features  of  animals  and  plantB. 

Itiiwell  known  that  in  l>oth  kingdoms,  in  a  funeral  way,  the  young 
•tagMof  the  more  perfect  tyjies  are  represented  or  Imitated  with  more  or 
lM<«xiictitude  by  the  adults  of  inferior  ones.  But  a  true  identity  of  these 
tfulti  nith  the  various  stages  of  the  higlier  has,  comparatively,  rarely 
Imd  observed.     Let  such  a  case  be  supposed. 

In  A'  we  have  four  species  whose  fi^rowtb  attains  a  given  point,  a  certain 
wnber  of  stages  having  been  passed  jirior  to  its  teiTuination  or  maturity. 
'■  B  we  have  another  series  of  four  (the  number  a  matter  of  no  import- 
nw),  whiob,  during  the  period  of  ([rowth,  cannot  be  distinguished  by 
■Viioiiimon,  I,  e.,  generic  character,  from  the  individuals  of  group  A, 
httvLosv  growth  has  only  attained  to  a  point  short  of  tliaC  reached  by 
tUseef  group  A  at  maturity.  Here  we  have  a  parallelixm,  but  no  true 
■■idencv  of  descent.  But  if  we  now  find  a  set  of  individuals  belonging  to 
ntipecies,  or  still  better,  the  individusilsof  a  single  brood,  and  therefore 
Wd  to  have  hud  a  common  origin  or  parentage,  whicli  present  difference* 
•Bong  tliemselves  of  tlie  character  in  qneMtion,  we  have  gained  a  point. 
Weknow  in  this  case  that  the  individuals,  a,  have  attained  to  tlie  com- 
plct*nciis  of  character  presented  by  group  A,  while  others,  b,  of  the  sama 
t*nnttge  have  only  attained  to  the  structure  of  those  of  group  B.  It  Is 
P<(fwlly  obvious  that  the  individuals  of  the  tirst  part  of  the  family  have 
}  (IMD  fiirther,  and,  therefore,  in  one  sense  faster,  than  those  of  group  b. 
If  Uw  [larents  were  like  the  individuals  of  the  more  completely  grown, 
^  th«  olTspring  which  did  not  attain  that  completeness  may  be  said  to 
l"**!!**!!  retardfit  in  llioir  development.  If,  on  the  other  hand,  the 
(Mnttwere  like  those  less  fully  grown,  then  the  offspring  which  have 
•^Wiomething,  have  been  aeeelernttil  in  their  development. 
I  daim  that  a  consideration  of  the  uniformity  of  nature's  jirocessea,  or 
«tltB  teosoning,  re([uires  mo  (however  it  may  affect  the  minds  of 
3  that  the  groups  of  species,  whose  individuals  I  have 
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never  round  to  vary,  but  wliicli  differ  in  tlie  snrne  point  us  ttioM  in  whicta 
I  bave  observed  the  above  variationH,  are  nlao  derived  from 
ents,  aiid  tbe  mora  advanced  liavo  btien  ae^siUruUd  or  llie  Icm  Advanced 
ritarded.  as  the  case  maj  liuve  lieeu  with  regard  lo  tlio  parents. 

This  is  not  nn  imaginary  casa,  but  a  true  repret«Dtatioii  of  many  ivli 
have  come  uuder  obiu-rvatioii.     The  developmentiil  resemblaoceH  men- 
tioued  are  universal  in  the  animal,   and  proLiably  in  the  vegetable  king- 
dome,  upprooeluiig  tlie  exactitude  above  depicted  in  proportion  Ui  tli« 
uear  sti'uctural  similarity  of  the  species  considered. 

ExampU  1,  It  is  well  known  that  the  Cerci'ifie  of  tlieOld  Wnrtd  d«ve1op^ 
a  ba«al  snag  of  tbe  antler,  i,s«e  Cuvier,  Ossemens  Fossiles,  and  Gray,  nM>- 
Britiah  Museum,)  at  the  third  year;  a  majority  of  tlioae  of  tbe  N«w 
World  (genera  Subulo,  Cariacus)  never  develop  it  eic«pl  in  abnonnot 
cases  in  the  most  rigorous  maturity  of  the  most  northern  Cariacus  (ff. 
■eirijiniitnua),  nhile  the  South  American  Subulo  retains  to  adult  a^  tii« 
simple  horn  or  spike  of  the  second  year  of  all  VerouUi. 

Among  the  higher  Cemidit,  Husu  and  Ax\s  never  ai«ume  ohainclen 
beyond  an  equivalent  of  the  fiiurlh  year  uf  Cervus,  In  Dama  tlie  olutT' 
acl«rs  are,  on  the  other  hand,  assumed  mure  rapidly  tluin  in  Oemu,  Itt 
third  year  corresjionding  to  tlie  fourth  of  the  latl«r,  and  tbe  develojiiiwnt 
in  after  yeai-s  of  a  broad  plate  of  bone,  with  poiuts  being  substituted  for 
the  addition  of  tlie  correspODding  snags,  thus  conimonciug  another  aeriaa 
which  terminates  in  the  groat  foesil  elk,  Megacenis. 

Betuming  to  tbe  Araericun  deer  we  have  BlastooeruK,  wboM  antlen 
are  ideutical  with  the  fourtli  yeur  of  CariacuK.  Curre«pondiDg  with  tb« 
Da  ma- Megacenis  type  of  the  Uld  World  wti  have  the  moose  (Aloiw)  ds- 
TOloping  tbe  same  piilmate  horn  on  the  basts  of  L'aiiaous  ( i.  «.,  without 
eyo-snag. ) 

Sitampl*  2. — I  select  the  following  series,  embracing  llie  m^ority  of' 
the  genera  of  the  North  Amei-ic»n  Hellciilu). 

1.  Turns  of   spire  very  few ;   wide  umbilicus  ;   shell  thin,   with  tblB 

S.  Turns  few,  but  more ;  rest  aa  above 

S.  Tui-ns  still  more  numerous  ;  rest  as  above. 

4.  As  No.  3,  but  lip  thickened  innlde 

n.  Colled ;  iimbilieu*    ela  i*if ;  Up  tbIck«nod  inwdc  »nd  out, 

Taehta  and  /VomMa  ' 

C.  Same,  with  a  pftriotHl  tootli -ifModMi,' 

7.  Same,  with  parietal  and  two  interior  lip  toetti ...  r<ijjniTmrnlo»ifl.- 

*    ■     liecunimencing  at  No.  4,     All  with  apf.u  vmhiUeoM. 
T-i.  As  No.  4.  but  lip  thickened  in  and  out. 
U,  Same  as  No.  5,  but  with  parietal  tooth. 
7.  Same,  with  both  parietal  and  lip  teeth.. 

■.a  a(  th 
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the  hietor;  of  tlin  growth  of  tlie  genem  Isogntimostonia  and  Trio- 
sxtreme  fomis  of  t]ie  two  serieEt,  it  Ji  well  kuowD  that  nt  first 
OOiU  of  tlie  shell  are  extremelj-  fen,  ns  in  Binueya ;  aii>l  that  lik«  it, 
A  it  verj  thin  nod  with  a  delicately  tbin  edge ;  that  the  turns  iacrease 
MmeHively  in  Qumbcr,  i\e  in  Vitriua  and  Hfalina,  and  that  finally  the 
BptiilckeDR  as  in  Hjgromia.  Theu  the  umbilicus  may  close  as  in  Tadiea, 
flrflD  Triodopaifl)  retaain  open  as  in  Arionla.  lu  either  case  a  tooth  is  soon 
added  on  Iho  body  whorl  (Polyuiita,  Mesodon),  and  finally,  the  full  ma- 
ttufly  of  the  shell  is  suenin  the  added  teeth  of  the  inside  of  the  li])  margin. 
Baa  many  of  the  stages  of  tlie  genera  TriodoptU  and  Mciodon  are  identt- 
Oftlnith  the  genBra  of  the  aeries  which  represent  them,  I  leave  to  mora 
UMnHigb  concliolojciHts,  but  tbat  soma  now  exhibit  and  alt  have  once 
frnwsted  il lustrations  of  the  relation  of  exact  i>arallelisni,  I  cannot  doubt. 
SiampU  1.— An  abundant  race  of  the  American  doer,  C'lriiititt  tirgi- 
^^»»M,  exists  in  the  Adirondack  region  of  New  York,  in  which  the  de- 
^'•topment  of  tbo  antlers  never  progresses  beyond  the  spike  stage  of  the 
^Atood  year.  Therefore,  some  individuals  of  this  species  belong  to  Cari- 
■*ii  uid  some  to  Subulo. 

bampte  2. — A  large  part  of  the  individuals  of  the  common  Boail.  -Vmo- 
^»*  albvUibrii,  nevei'  develop  the  tooth  of  the  body-whorl,  characteristic 
''^ttis  genus  whose  definition  has  to  be  modified  to  retain  tliem. 
1^  AamyU  3. — Many  individuals  of  Triodiiptit  irtdenCala  tnym  eastern 
I^^BH  Carolina  occur  witliout  the  lip-teeth,  characteristic  of  the  genus 
^^^HpQMu.  Bence  these  Specimens,  though  of  common  origin  with  otkera 
^^^^b^wcies,  must  be  referred  to  another  genus. 

j^^^^kmnpU  i. — Structural  cbnruoterH  are  known  in  many,  if  not  all,  species 
f^^^ich  are  said  to  bo  "inconstant,"  being  proaeot  or  absent  ludi He renily, 
***w  being  useless  for  definition.  They  may  be  rudimental  when  present 
""■*•  Monde Rtbly  de»elo[>cd.  The  presence  or  absence  of  wings  in  some 
itaof  insecta  may  be  cited;  also  the  presence  of  generic  characters 
1*  uinli^  aex.  of  many  Culeoptera  and  their  absence  In  the  females. 
characters  of  males,  femalus,  workers  and  soldiers  In  bees  and  anta 
Im  adile<t.  All  these  facts  belong  to  the  same  category  as  tliose  cited 
anil  niolluaks  an<l  have  a  similar  explanation. 
StampU  ri. — It  does  not  seem  to  be  the  law  in  "retardation"  that  par- 
I  •'•liliiioi exhibited  by  the  series  in  its  rise  to  its  highest  point  of  develop- 
^^^hptlhould  retrace  the  steps  by  nhicli  it  attained  it,  and  that  "  exact 
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jKiralleliBms  "  idioiild  be  tiliibited  in  ii  revers<;d  "rdec.  PuraUelUm^  it  1» 
lie,  arc  exhibited;  but  so  far  aa  I  have  obHorved  ainays  "ioexKct,'^ 
often  in  a  higb  ilegt«e.  A  murkeil  oaee  ot  lutardation  occute  lu  the  den- 
tal development  of  a  Dumber  of  persona  wbo  hnve  come  under  my  oboar^ 
vatioa  in  tlie  tieigbborliood  Qf  Philadi-lptiiii.  It  is  oot  very  uncoinmou  l« 
Bill)  peraotiB  iu  irhoni  the  tliird  molars  in  both  jnwa  are  iiioomplete  u  to 
number,  one,  two,  thre«,  or  :i11,  being  delluient.  [t  i»  xtill  more  cumiuon 
for  them  to  be  incompletely  covereil  by  the  ennmel  layer,  and  to  boeome 
D  consequence  eo  worthlOBS  as  to  reijuire  early  KmoTal.  I  am  ncquwnted 
with  two  families  in  which  tlie  absence  of  the  exterior  appor  incUor  on 
eacb  si<Ie  is  conimuo.  In  one  of  these  the  setiond  atul  thii'd  (penetMioii 
have  inherited  it  rrom  the  motlier'a  aide,  and  it  now  eliaraclei'tsea  manjr 
of  the  ohildron.  The  tiignificniiee  of  this  mudillcttion  will  be  best  under- 
kIoihI  by  oxaminiiijf  the  dental  structiires  of  the  yuurfrUHiiuta  in  gcnenL 
Coinmonoing  with  the   highest   family  iutil  iU  iibuoimal   deutitiuOi   we 

InoiBora.    dtiiluet,     I'rcniolira.     HuIaT*' 
„      -    J     - .   (  Abnormal.  J  ;  |-} 

Homtnul.r,_^   (Normal.  \  \ 

Simiidm }  [ 

Ctbida j  i 

LtMwHdlT. ]  { 

Mammaliit,  Normal f  ]  J 

111  this  tnble  wo  see  a  decline  in  th(>  number  of  t«eth  of  the  hlglu^r 
groups.  Thiiti,  the  premnlarB  are  one  leas  than  the  normal  unmber  in  the 
whole  onler,  nml  they  loHe  one  in  each  Jnw  in  the  Uld  World  apeii,  Mid 
man.  The  molars  maintain  the  normal  Dumber  throughout,  but  ihuUiird 
in  botli  jaws  in  in  the  Sitnii«t-r  reduced  by  the  Iokh  of  a  Hflh  or  odd  tiit>er- 
iile.thus  becomiug  four-lobcd.  In  the  upper  JAw,  this  in  flrat  lost  in 
tjic  Somnopitheoux;  in  the  lower,  in  the  next  hlghoNt  genus  CereopiUieouB. 
In  Homo  its  appeiiranoe  is  "retarded,"  the  iuterral  between  lhate*«nt 
and  the  protrusion  of  the  second  molar — nix  to  ten  years — Iraing  relativaly 
greater  than  in  any  genus  of  Qvrt'lrumana.  Its  abseiiue  is  then  tlia  n- 
suit  of  eontinued  retardation,  not  uf  n  new  and  ndnjitive  suppresBion,  and 
in. of  direct  systematic  zoological  valne. 

In  the  incisont  a  reduction  in  alfw  plainly  visible,  as  wo  pass  IVoni  tb« 
most  oomplutely  fiimiMhed  mammals  to  tlie  genus  Homo.  Uiio  fntm  the 
upper  jaw  is  first  lost,  then  in  the  Ctbulu,  one  from  the  lower  slso.  The 
ritmbcr  remains  the  same  through  the  ^I'l/ii'i'ilir  and  uonnal  Hominiilit. 
but  in  the  abnormal  eases  utod,  the  process  of  reduction  i*  euntinued  awl 
another  iurisor  from  e;irb  side  disnppoam.  Tliitt  this  al*o  Is  Intlr  '*r^ 
tardation"  is  also  evident  from  the  fact,  that  the  exterior  inoiswUtlMi 
last  developed,  being  dolayix]  in  ordinary  growth  a  year  htter  than  IboM 
of  tlie  inner  pair.  The  same  retardation  is  seen  in  the  ipiailrumane  their' 
iimti»  (the  Ayf-agt),  and  the  whole  uiilor  liodenliu.  In  tlie  latt«r,  the 
rare  pre«eiK<e  of  the  reduced  seuund  iui'iBure,  an  in  Lfput.  aliciwi  n  les*  de- 
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'Uiia  modiflcation.  This  retardation  ia  also  of  Bystematic  importance, 
loiild  oitlier  or  tlie  uharacters  (leHcribeii  be  constant  in  uny  of  the 
of  thfi  gCDiis  ITuma,  would  at  oiic«  entitla  it  to  Dew  generic  rank. 
iverj  frequent  ubsencn  of  the  postei'ior  molars  (wisdom  teetli]  has 
]  reocnOy  found  to  characterize  a  race  in  India.  Sliould  tliis  peculi- 
1  prove  constant,  this  race  would  with  propriety  be  referred  to  as  a 
ragnniiB  of  Hominid'E,  bh  we  have  many  f*»e«  of  very  aiinilur  epecioB 
»flg  refirrcd  to  differant  gonera.  It  i»  altogetlier  probable  that  such 
m,  al  »onie  future  time  he  tlio  condition  of  somL'  race  or  races  of  men.* 
lam  now  dispo«eil  to  regard  the  above  as  the  method  of  production, 
M  only  of  generic  but  of  all  other,  Including  g|)cuil)o  cliaractera.  It 
BUM  apiienr  that  by  excessive  acceleration  or  retardation,  some  of  the 
Asncters  of  a  series  may  bo  skipped,  but  observatioim  are  not  concliiBiTe 
bit  point,  since  very  close  examination  is  necessary  for  the  appreeia- 
•f  very  transitory  cmbryunle  conditions. 


The  origin  of  new  structurcH  which  distinguish  one  generation  from 
&OH  which  hare  prei«ded  it,  I  have  stated  to  take  place  under  the  law  of 
•"filiirofidii,  Afl  growth  (creation)  of  parts  usually  ceaseB  with  maturity, 
H  bcntjrely  plain  that  the  process  of  acceleration  Ih  limited  to  the  period 
"f  Infiiney  and  youth  in  all  animaU.  It  is  also  plain  tbat  the  question  of 
•ro«t])  is  one  of  nntrition,  or  of  the  construction  of  organs  and  tissues 
vat  of  protoplasm, 

lie  const  I'll  ction  of  the  animal  types  may  be  referred  to  two  kinds  of 
(■KMse— the  addition  of  identical  segments  and  the  addition  of  identical 
**>lk  The  Brst  is  prohably  to  be  referred  to  the  last,  but  the  laws  which 
Ci«i  rise  to  it  cannot  now  be  explained.  Certain  it  is  that  segmentation 
■>  not  only  produced  by  addition  of  identiciil  parts,  but  also  by  sutMlivision 
*f  ■bomogeneou!!  part.  In  reducing  the  vertebrate  or  moat  complex  ani. 
^altoits  simplest  expression,  we  find  that  all  its  specialized  parts  are 
■ttlUodiQcat.ions  of  the  segment,  either  simply  or  as  sub-segroenta  of 
*iHnpinuid  but  identical  segments.  Gegenbaur  has  pointed  out  that  the 
^Mooniplex  limb  with  hand  or  foot,  is  constructed,  first,  of  a  single 
■n^tudinal  series  of  identical  segments,  from  each  of  which  a  similar 
^RiMnt  (bvergcs,  the  whole  forming  parallel  series,  not  only  in  the  ob- 
iKn  tnwsvcrse,  but  generally  In  the  longitudinal  sense.  Thus,  the  limb 
vfttwtispidoBiTen  represents  the  simple  typo,  that  of  the  lohthyoAaums  a 
tKdification.  In  the  latter,  the  6rst  segment  only  (femur  or  humems)  is 
■TMtUxed,  the  other  pieces  being  tindistinguishable.  In  the  Plesiosaur- 
lupftddle  the  separate  parts  are  distinguished;  the  ulna  and  radius  weir 
the  car|iut  pieces  hexagonal,  the  phalanges  defined,  etc. 

the  whole  skeleton  the  same  position   may  be  safely  as- 
gh  lIuKley  may  reject  Owen's  theory  of  the  vetebrate  char- 

bdlnR  sf  ctloD  Is  merely  an  ubbrevlatlnn  witb  new  illustratluDB,  ol  [he  pro 
Mturoard  lii  tli«wrUeni"OiiKlnDf  (ii^nera,"  ]86»,  wbcre  a  L'l>n9ille^a~ 
I  tl»eiuti]«l  will  be  (ounrt. 
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than  in  Uio  case  at  ilouble  bilateral  symmetry,  aioco  the  exoeptioos  uppviSi^^K 
to  1)0  80  uuiversal-  Nuvertlielcas,  1  belLsve  it  to  be  aa  much  ».  part  of  Uk^^mi 
lawof  Repetitive  nutrition  as  the  other.  The  antero-poaterior  homulu —  - 
gicfl  even  of  the  human  Bkeleton  have  been  turgoly  deiuonslrated,  but  ii  ■  . 
usual,  we  muat  appeal  to  the  lower  forms  Tor  a  clear  view  of  it.  In  tli^^  . 
rudimental  skeletal  axis  we  find  suob  Byininetry  olmoat  perfuut  in  th^B-  m 
Aiivphiiiru*,  but  iu  nil  other  vert«brate.  In  limbs  we  have  it  cle&rl;  in  .^ 
diuated  In  the  Keptiliao  oi-der  lehthyojiterjjgia,  and  in  the  Pisoino  oide-  ^^ 
Dipnoi,  where  the  anterior  and  posterior  aru  acarceljT  or  nut  all  distiu  .m^ 
guiahable.  In  the  scapular  and  pelvic  aruhea  we  Ilud  H  also  approaitnatB^  ■ 
in  the  llrst-uamed  orders.  '< 

In  the  nervous  syat«ni  it  also  exists  approximately  iu  the  Amphfoxtt^^^^ 
It  is  not  seen  in  any  vertebrate,  and  in  but  few  other  animals,  in  the  d~"  t 
geative  system,  but  it  appears  to  exist  in  some  lower  articulata  in  bnt,  b 
the  I'eapii'utory  and  ciroulatery  sy stems. 

e.  As  illustrations  of  exact  repetition  involving  large  portions  of  tl^^  a 
orgauUm  Ihe  higher  P.>lyps  may  be  cited,  which  differ  from   llie   low^^si 
chielly  by  the  addition  of  simitar  septa  and  similar  tentju<lea.     Exampl^?^e« 
of  repetition  of  nearly  the  whole  organiam,  maybe  found  in  many  K 
aa  Taenia,  where  the  cephalic  segment  only  dilTers  from  the  othetv,  tba 
remunder  or  proglottides  being  alike.     Tbe  most  entire  repetition  ^ 
structure  is  seen  in   I'lArin,  where  the  eeginonts  are  all  alike,  there  beii^ 
Bone  representing  a  head. 

if.  As  an  example  in  special  details  of  structure,  the  segments  of  tlielo^ 
est  brain  (that  of  the  lamprey)  are  repetitions  of  tbe  first  one.  Tt  ^ 
pelvic  arch  of  lehlhgotaur'o*  when  lirst  crcal«d,  waa  a  repetition  * 
the  scapular,  aud  tbe  hind  Umb,  of  the  fore  limb.  The  seguients  c- 
tbe  limbs  of  the  Dip/mi  are  mere  repetitions,  the  Inter  created  of  UM 
earlier.  The  special  parte  of  tlie  pea  and  manus  of  Uhthya'aitrut  sr~ 
simply  repetitive  efforts  of  growth-force  joined  with  a  dimiiiinhi"^ 
amount.  The  addition  of  a  digit  often  distinguisbing  one  genus  of  tialM 
manders  or  Sauriaus  from  anotlier,  is  evidence  of  a  similar  repetitlv 
effort.  The  low  mammal  Ornithnrhyrtehiu,  poasoases  but  a  single  tootl 
in  each  jaw  ;  the  simple  teeth  of  armadilloa  and  eetaueans.  increasing  i 
they  have  dunu  from  a  single  commencement  aa  in  the  monotrcnie  citMl 
present  examples  of  i«petilive  acceleration  of  growth  force. 

e.  Complication  of  a  single  element  of  repetition  is  acoornplished  ajipar- 
ently  by  a  double  repetition,     This  is  best  understood  by  the  oonsiiler' 
ntlon  of  the  transition  from  simple  to  cjimplox  teetlu     Iu  tli 
thisoccurain  the  Biiualodonts  ;  the  -cylindrio   incisors   arc   fulloncd  l>] 
flattened  ones,  then  by  otiiers  grooved  on  the  fnug.  and  tbon  by 
rooted,  but  never  doubte-crowued  t«eth.     This  la  tbe  result  Of  antci 
jioaturior  rct>etitive  acuelcratiaa  of  the  simple  cyliudric  denial  typo  uf  ilii 
ordiiisry  toothed  cetacean. 
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Another  mode  of  dental  comjilioatiun  is  by  lateral  repetition.  ThiM, 
tin  hwl  of  Llie  sectorial  toolb  ot  a  Cumivore  is  supported  by  a  tnag  aloiig- 
BdoDf  tho  tisiinl  iKisterior  support  of  n  promolar,  and  is  ttie  roault  of  & 

P;i»e  fffort  of  growth  foroe  in  a  trnnsTerse  directiou.  Mure  ooiuplei 
M  tlie  tubercular  molars,  meiely  exhibit  an  additional  lateral  rope- 
ftnU  somotimes  ^ditional  loagitudinal  ones.  A.s  is  well  known,  the 
iberulea  of  the  human  molar  coniiiience  lis  similar  separate  kuoba 
dental  papilla. 
tbo*e  are  cited  aa  examples  to  explain  tlie  meaning  of  the  propo- 
When  fuller  demonHtratiun  is  desired  a  greater  number  might  be 
B.  On  Cell  Rkj-btition. 
That  each  additional  act  of  creation  in  growth  wu  originully  identical 
ttthuDe  which  preceded  it,  and  tlierefore  an  tract  repetition  in  its  char- 
lOir  and  resulUt,  is  proven  by  the  following  coUBiderations. 

h  bas  been  already  determined  by  the  study  of  homologies  that  all 
Kpxa  and  partH  of  an  organism  can  ha  referreil  to  aa  original  simple 
nelMtype. 

t%e  iiuestiou  then  reniaius  as  to  whether  the  Iirst  elemout  or  lowest 
tRm.  Ufa  given  organized  part  is  essentiiLlly  anew  structure,  or  whether 
ttbi  a  repetition  of  sonic  pi-oviously  existing  one.  It  may  be  atuiorted 
ttttlhe  siniplust  expretisions  which  sbali  cover  all  organs,  are  the  solid 
■gmonts  and  the  hollow  bbdIc  and  tuhe.  Fur  example,  we  have  already 
UM  that  the  ultimate  element  of  the  limb  is  the  first  segment  of  the  sin- 
^ny  of  Lepidosiren.  Is  this  short  cartilaginous  cylinder  (which  probably 
iifnaentii  the  fore-limb  of  some  undiscovered  member  of  the  Dipnoi),  a 
nwltof  the  repetition  of  a  pre-existent  structural  element?  This  is  no 
tabt  the  caae,  for  as  will  he  shown  beyond,  cartilane,  though  the  least  ceU 
latuoTall  the  tissues  is  formed  originally  by  cell- re  petition  or  division. 
^Ipin,  the  ultimate  lobules  of  the  most  complex  glaudarebut  repetitions 
tflh*  diverticula  of  the  simply  hranched,  and  each  of  the  latter  repetitions 
Itike  simple  cul-de-sac.  which  has  its  origin  in  a  convexityof  anoriginal- 
4  plkne  surface.  This  convexity  is  again  the  renutt  of  repetition  of  cells 
Itedl-diTision,  whereby  their  number  is  increased  and  the  surface  ren- 
And  eaovex. 

Wa  we  thus  in  botli  tbe  solid  segment,  and  hollow  siick,  brought  down 
tocdl  repetition.  Thus  it  is  with  organs,  aa  with  entire  animals,  in  which, 
Uowing  the  line  of  simplification,  we  reach  at  last  forms  composed  of 
MUlOiily,  \Aeliiu>phryi,  e.  y.)  and  then  tbe  unicellular,  {Ameka). 

Ulhis  be  the  origin  of  organs,  the  question  whether  repetitive  growth 
■■WMtrueted  Liasuea,  remains  for  consideration. 

U|io«ih,  each  segment — and  this  term  iucludus  the  parts  of  a  cum- 
liB whole  or  parts  always  undivided,  (as  the  Jaw  of  a  whale  or  the  sac- 
■^tfamollQsk) — is  constructed,  as  is  well  known,  by  cell  division.  In 
Ai|mriiig  fistUN  tbe  first  cell  divides  its  nucleus  and  then  its  whole  out- 
■H  Ud  Uiia   process  repeated   milliona  of  times  prodiK'ea.  according  to 
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the  cell  theory,  all  the  tiasueii  o(  the  animtil  orgauiemoi'  theirbnaes,  from 
first  to  liiKL  That  the  ulti[unt«  oi  histological  elemoiita  nt  nil  organs  am 
prodiKied  originiillj  Lf  repetitive  growth  of  simple  imoleatocl  eeltet  with 
various  modilicatious  of  exactituiie  of  rejietitioD  in  the  mora  complex,  iK 
taught  by  the  uell  theory.  The  formation  of  some  of  the  tissue*  U  M- 
follows; 

FinI  (7ftu«i/*— Formation  of  simple  nucleated  wlls  from 
protoplasm  oi  the  uytoblastemo.. 

iiteond — Pormatiou  of  new  cells  by  Jirision  of  nui'leus  Hnd  body  of 
old. 

Third — Formation  of  tissues  by  niultiplieation  of  cells  with  or  withuuS 
addition  of  intercellular  cytoblnatema. 

A.  Id  connective  tissue,  by  alight  alteration  of  cells  and  luldiliun  of  c; 
bill  sterna. 

B.  In  blotjd,  by  addition   of  fluid  cytoblastema  iSbriul    to  fcce  oetl* 
(lymph  corputcleni,  whiob  In  higher  animals  ivertebraies)  develop  t 
blood-i'orputoles  by  loss  of  menibraiie,  and  by  cell  development  of  nucleusj 

C.  Ill  mmscIeK,  by  Kimpla  confluence  of  cells  end  to  end,  and  i 
of  contents  (KiiUiker). 

D.  Of  cartilage,  by  forrantion  of  colts  in  cytoblast  which  break  o 
llieir  eoiitente  buing  added  to  cytoblast;  this  occuriug  several  times,  I 
result  being  an  ext«nsive  cyloblast  with  few  and    smtiU  cclU  (Vogtl, 
Tbe  procesK  is  liere  an  attempt  nt  development  with  only  partial  auccfia^ 
the  result  being  a  tissue  of  small  vitality. 

Even  in  repair-nutrition  recnurse  is  liul  to  the  nucleated  cell.  Foi 
Cohnheim  first  showed  that  If  the  cornea  of  a  frog's  eye  be  acarilied,  n 
pair  is  immedintoly  set  on  foot  by  tbe  transportation  thitlier  of  white  oi 
lymph  or  nucleated  corpuscles  fiom  tbe  neighboring  lymph  heart.  Thb 
he  ascertained  by  introducing  ftnillne  dye  into  the  btit«r.  Repeated  ox 
periments  have  shown  tbat  this  is  the  history  in  grVAt  fiart  of  the  con 
stTUClion  of  new  tissue  in  the  adult  mnu. 

Now,  it  is  well  known  that  the  circulating  fluid  of  the  frctus  OOntkilH 
for  a  jieriod  only  these  nucleated  cells  as  corpuscles,  iind  tliat  tb«  toww 
verteliratM  have  a  greater  proportion  ofthese  corpuscles  than  the  bightti 
whence  probably  the  greater  facility  for  repair  or  reconstruction  of  h 
limbs  or  pai-ts  enjoyed  by  tlium.  The  invertebralex  po8fio««  only  nucl«att!^ 
blood  corjiuscles, 

C.  SYNTHBBjfl  op  Bkpktitios. 
c  is  capable  of  exhibiting  great  complexity  of  n 
in  amount,  will  now  be  shown.      That  tliU  iiialtl]) 
le  of  it«  distinguishing  features  will  appear  plain. 

The  simplest  forms  of  life,  a»  slated  by  Hieokel,  are  simply  V 
DUB  drops  of  protoplasm  ifrotainotba).    These  only  grow  by  ordtruujB* 
cretion,  and  display  »  form  of  itelf  division  or  ropioduction  which  la  ttu 
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The  DftxC  gnule  of  animal  type  ia  represeuted  by  the  nucleated  cell. 
This  U  BDipIe  in  Amo'bii,  complex  in  Artiuophryt,  etc.  With  such  rurms 
as  Ibe  Utter,  cell  growili  begins,  and  ita  devetopneut  is  accomplished  by 
ooll  dirisicn.  This  is  simple  rejietltion  of  ultimaM  parts.  In  the  growth 
or  all  higher  types,  we  have  nothing  mora  tluui  this,  but  foUowiog  a  law 
of  etiniplfx  repetition.  Thus  in  the  p^owth  of  the  parts  of  an  arehetypal 
iert«bra]  colamn,  or  an  archetypal  limb,  wo  have  the  repetition  of  cell 
growth  till  the  first  segment  is  formed,  when  it  ceases  at  that  point,  and 
tepeatH  tlie  process  again,  foniiing  another  segment  like  the  tinit;  repeti- 
tion within  repetition.  So  with  the  construction  of  musoular  tissue;  flret, 
the  nucleated  ocL  repeated  in  a  series,  whose  adjacent  walls  disappear, 
and  whose  cell  contents  flow  together,  thus  forming  a  fibrilla;  then  a  rep- 
etition of  the  same  process  forming  a  second  fibrilla;  and  so  on  to  the 
ogmpletion  of  thousands  of  them  in  fnsciculL 

L>et  us  then  trace  the  series  of  repetitions  and  duplicated  and  still  more 
complex  reputiLions,  seen  in  following  up  animal  forma  fj-om  their  arche- 
types. 
In  the  simplest  repetiiioD  of  cell  growth  in  a.  longitudinal  direotion  we 
■Ii*»e  Vibrio;  in  the  centrifugal,  A^Unophryi.  The  former  may  be  roppg 
•Boted  by  a  line  of  simple  dots,  thus :— Fig.  1.  ' 


^1  oaoijsffitetfi     odauoaiS&&£    AZ 


In  a  complex  repetition  we  rarely  have  the  same  degree  of  complication 
J  •»  o»ch  repeated  pari.  Wo  have  It  ceotrifusally  almost  perfect  in  a  Coj. 
'^»itcr*t<s  {AfUiiiii)  and  linearly  in  some  of  the  lower  Eotosoa.  An  arche- 
*Jr  pe  of  the  latter  kind  niiKlil  be  repivseniod  thus :— Fig.  2.  In  a  more 
''^'■>Biple«  form,  na  of  the  proglottides  of  Ttnia,  thus :— Fig.  3.  The  same 
*■■  ielii  represent  an  archetypal  vertebrate. 

If  now  we  attempt  to  express  the  complication  of  an  organ  by  modified 
'"'ipctilion  of  once  identical  parts,  the  history  of  extremities  will  serve  us. 
**huii  the  limb  of  Leoidosiren  which  is  composed  of  identical  segments 
**>ar  bo  thus  represented  ; — Fig.  2.  Kicli  longitudinal  segment  of  the 
litab  of  Ichthyosaurus  may  be  similarly  represented  with  a  modili cation, 
*<»  siM  only,  of  the  proiinial  or  humerui;  thus :— Fig.  4.     But  in  PUilo- 
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iiniruf,  on  important  seiies  of  rliangeH  of  sbaite  (but  not  in  oinplexltyl 
appeal's,  which  ni«y  be  repi'eeeuted  tliua ; — Fig.  (> ;  the  first  Iieing  hu- 
merus, aeconil  ulim,  third  mill  fourth  oarjmU  (tarsals)  the  last  pUnlanj^e^ 
which  are  Urat  Epectttliicd  iu  this  geuua. 

By  far  the  most  usual  modifleation  is  however  complication  by  dupli- 
cated and  triplicated  and  still  more  hiijhly  multiplied  repetition  iu  tamt 
segmDuta  of  the  archetype,  and  it«  omissioii  in  other  eegmeate.  Thus  In 
in  the  Tania,  the  cephalic  ijegnmnls  are  much  mi>ditied,  and  the  imIuih 
of  its  repetitiousmiglit  he  thusexpi-esst'd  :■ — Fig,  (I ;  thesirapler  seguoDts 
repreaeuUng  the  body  segment,  the  two  comp'^'^i  representing  tliise  of 
the  head.  In  each,  it  will  be  observed,  the  uompUcatiou  is  repieeeatcil 
by  loops  of  similar  form,  and  eacTi  loop  of  dots  which  reprnscut  the  cell* 
in  the  first  linear  (llg.  11  arrangement. 

A  somewhat  similar  figure  might  represent  the  nnture  of  ibo  oomplicv 
tioQ  in  the  Myriapod.  Id  the  insect  the  additional  ooin plications  of  the 
llioracic  segments  would  alter  th  e  diagram  near  Itie  middle, 

In  the  vei-tchrate  craniuni,  a  somewhat  similar  diagram  might  tie  used, 
except  that  the  modification  of  tlie  segments  or  TertebriE,  ast^ompai'ed  witJi 
tlio  segments  of  the  vertebral  column,  is  not  by  repetition  with  modifica- 
tion of  the  parts  of  eacli  nepnenl,  but  rather  hy  modification  uf  ih* 
forms  of  the  parts  of  the  segments,  The  hasi'Ci'auial  segments  tliu*  com- 
pare  with  the  dorsal  vurlebrw  as  the  segments  of  the  limb  of  PletiaiitvruM 
do  to  those  ot  Ichl/tj/amnru*. 

The  above  considerations  have  reference  to  repetitian  of  parts  in  S 
lineiir  direction.  Centrifugal  re)ictition  Is  seen  in  the  addition  of  cluun. 
bers  to  the  heart,  by  the  snbdiviBion  in  the  oiirlleBt  !!t<iges  into  aurinlo  and 
vnutrlcle  in  the  linear  ilirection,  considered  iu  connection  with  tlio  carlioT 
division  of  each  in  the  transverse  direction,  by  the  growth  of  partiUana, 
This  mode  of  repetitive  uddition  is  not  readily  repreeentod  by  diagrMU. 

A  good  example  of  repetitive  additiou  in  both  linear  and  transrerM 
directiiiu,  may  be  found  in  the  successive  oumplication  of  toolb  struotnre 
seen  in  mammalia.  In  the  dolphin,  the  denial  series  may  be  Tc|>t» 
Bcuted  thus:— Fig.  7;  in  tlie  squalodon  thus:— Fig.  8;  in  the  cat^— Fi|;.  8; 
iu  the  dog:— Fig.  10 ;  in  man  ;— Fig.  1 1  ;  in  some  Insectivura  :— Pig.  12. 

The  circles  represented  here,  are  each  a  simple  cusp. 

In  oonclusioii,  the  directions  of  Itei>etitivo  growth  m»y  be  tabnlatMl  ai 
fullow>i :     The  types  to  the  left  represent  the  original  \  to  tlie  right,  tlii 


f  In  plane, 
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D.  Os  Growth  Force. 
n  nich  examples  aa  those  ili.it  precede,  but  more  ospeciitlljr  rtum 
,  it  w«ni»  imoessnry  to  Ueliuvc  that  tliore  resides  in  orgau- 
hcrd  m.itter,  and  in  its  most  UBmodifietl  representative,  the  niidcat«d 
cell,  ail  cilTectiou  which  dispkty s  itself  ia  repetition.  Tills  pheiioiAeuon 
reduced  to  its  lowest  terms,  ma;  mean  cell-division  oul;,  but  tlie  proor 
is  aul;  eletir  in  coses  of  growtli  proper.  This  afTection  displays  ilself  in 
very  slow  or  more  rapid  repetitious,— cell-di vision  iu  growth  occiirriiif; 
rapidly,  while  its  recurreDoes  nt  rutting  seAuons  in  the  development  of 
bonis,  feathers,  etc.,  are  separatod  by  lutig  intervals  of  time.  In  occele- 
IMioD  these  repetitions  occur  with  iuci'eiksed  rapidity,  i.».,  iu  the  adding 
of  more  stnustures  during  the  snme  growth  poriuds,  whilo  in  low  types 
ite  re])«titions  are  few  and  therefore  slow. 

What  is  the  relation  of  cell  division  to  the  forces  of  nnture,  nud  to 
Which  of  them  as  a  cAuse  is  it  to  be  referred,  if  to  any  ?  The  aniuinl  or- 
gsinitim  traosfecs  solar  heat  and  the  chemism  of  the  food  (protoplasnO 
to  currolated  amounts  of  beat,  motion,  electricity,  light  (phusphores. 
conoe),  and  nerve  force.  But  cell -division  is  an  affi-ction  of  protoplasm 
<li«litict  from  any  of  these ;  although  addition  to  homogcneuim  lumps  or 
parts  of  protoplasm  (aa  in  that  lowest  nnimal,  ProMm<r.t)a  of  Uasekel.) 
should  prove  to  he  an  exhibition  of  mere  molecular  force,  or  uttractioa, 
«el1-di(ision  is  certainly  something  distinct.  It  looks  Uku  -an  exlii- 
Ilition  of  another  force,  which  may  be  called  grauilk  force.  It  is  corre- 
lated to  the  other  forces,  for  its  exhibitions  cease  unless  the  protoplasm 
axbibititig  it  bo  fed. 

Professor  llenry  pointed  out  many  years  ago  that  this  must  bathe  case, 
iHUiDg  his  belief  on  the  observed  phenomena  of  growth  in  the  potato,  and 
in  the  egg.  The  starch  of  the  potato  weighs  much  more  than  the  young 
nboot  of  cellulose,  etc.,  into  which  it  haa  been  converted  by  growth  ao- 
tivUy,  «)  that  aponionof  the  substance  of  the  tuber  hasevidently  escaped 
ID  some  other  dii'ectiou.  This  JKsliotvnto  be  carbonic  acid  gasand  water, 
derived  from  tbe  slow  combustion  of  the  starch,  whicti  in  thus  running  down 
fh>m  tbe  complex  organic  stato,  to  the  more  simple  inorganic  compounds, 
evolves  an  amount  of  force  pi-eciiiely  equal  in  amount  to  the  chenilcul 
force  (or  chemism]  requisite  to  bind  together  the  elements  in  tbe  more 
complex  substance.*' 

Carpenter  also  states  that  in  his  opinion  the  growth  of  the  Fungi  is 
produced  by  a  force  liberated  by  the  reti^grade  metamorphosis  of  their 
food,  which  is  of  an  organic  character,  (i.  <.,  humus),  This  metamor- 
phosis consists,  as  in  the  tuber,  in  the  production  of  oarhouic  acid  gas 
and  water,  and  a  force  cijuivalunt  to  the  chemism  which  had  bound  them 
'  I  In  tbe  fonner  complex  uiiioii-t  But  in  higher  forms  of  vegetable  life  and 
h  that  follows  germination,  the  plant  mast  appropriate  carbon 
I  oarbonio  auid  of  tbe  atmosphere.    The  decomposition  of  the 
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binary  compoucil  (whicli  sets  free  Ur  oxygen)  libcmtes  tbecliemioal  ftwce 
whicli  had  previously  muintained  the  ootnpouud,  (or  art  equivalent  fow*) 
which  Henry  regards  as  ftimiBhing  the  growth  force,  which  pruduoVH  Ui* 
plant.  Curpcutci'  derives  but  a  portion  of  the  force  in  Uiis  way,  ubtMn- 
ing  t^e  greater  part  Truni  tho  heat  of  the  bui).  To  thi»  aoui-oo  also  ha 
looks  for  the  growth  foren  employed  in  the  conHtmotion  of  cold-blooded 
animals;  while  in  warm-blooded  animals,  the  retrogrtule  mctamurphosii 
or  running  down  of  the  material  (pi-ot«])lasmj  of  the  food,  TuruiBbeB  ft 
requisite  BmouDt  of  heat.  Whether  growth  force  be  derived  from  Uio 
chemism  eet  free,  direct,  or  through  tlie  mediation  of  heat,  by  cor 
sion,  among  higher  animals,  it  a  question  yet  unsulvod. 

Growth  force  we  may  tlieu  regard  as  potential  in  orgmiiEod  tissue^  and 
as  energetio  during  growth.  Qur  present  knowledge  only  permits  as  t< 
believe  that  other  force  is  only  converted  into  it  under  tlia  Influenoe  vl 
pnvexistent  life,  but  of  the  real  cauM!  of  tliU  conversiou  wo  are  as  igno- 
rant as  in  the  ease  of  the  physical  forces. 

In  the  animal  orBaiiisni,  di£r«rent  tinsueB  display  different  dsgroea  of 
"  vitality."  The  most  vital  display  cell-orgauization  and  its  derivative 
forms,  while  the  least  bo,  a]>i>i'oach  nearer  to  homogeneity.  Aa  organized 
tiBMUe  is  the  niacblnu  foi  converting  vital  forcep,  we  may  believe  tballess  - 
growth  force  is  potential  in  (cartilage  than  in  miisde,  for  it  is  formed  by  K 
retrogiade  process,  by  which  cells  onoe  formed  are  monlly  burst,  and  th» 
contents  form  the  intercellular,  nearly  Btruotui'elcss  maBH  charact^risUc  of 
this  tisiiue.  Grovrth  force  mu&C  bo  here  liberated  in  some  otliei'  fomi, 
perhaps  heat,  to  be  again  converted  to  other  use. 

The  higher  vitality  we  may  believe  to  result  from  the  greater  iHirbcUua 
of  the  more  coiiiplea  manhiae  aa  a  force  converter,  as  compared  with  Lb* 
inefficiency  of  the  more  simple. 

E.  On  tbb  DiRKCTios  ov  Rei-ktitios. 

It  has  been  already  pointed  out  that  ;rratelh  forct  exhibits  itself  in  cell  w 
•egment  repetitiatii  The  forma  in  which  it  thus  displays  it*dr  maybe' 
briefly  considered.  The  approximate  cause  is  treated  of  in  the  next, 
chapter;  but  enough  may  be  shown  here  to  indicate  that  duplication 
complex  duplication  is  the  law  of  growth  force,  and  that  therefore  this, 
process  must  always  follow  art  tnertaae  in  atnoant  in  any  given  locality. 

The  size  of  a  part  is  then  dei>endent  on  the  amount  of  oell-dlvluon  or 
growth  force,  which  has  given  it  origin,  and  the  number  and  aba] 
segments  is  due  to  the  same  cnusc.  Tho  whole  iinestion,  then,  of  tho  en- 
ation  of  animal  and  vegetable  t>pe8  is  reduced  to  one  of  tho  amouHt  and 
location  of  grotPth  fnret. 

Repetition  is  of  two  kinds,  eenlrtfu^nl  and  longitudinal.  As  an  esuu* 
pie  of  the  former,  tlie  genus  Aetinophyt  has  been  citod,  where  the  animal 
is  compoiied  of  cells  arranged  ci|uidistally  around  a  common  ocutm,  Thflr 
ariungement  In  this  type  may  be  disooidiil  or  globular,  providing  no  defti' 
nite  axis  be  disaovcrable.  A»  an  example  of  'oa^'tudi'nal  TVpelUiont 
Y^rio,  and  numerous  cellular  filanln  m.-iy  Ix^ciicd  wlioi'ri  tlie ariangeiiietit 
is  in  a  single  line, 
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In  by  far  UiogTOBWrniinilwr  of  MiimivlstlieBe  kinds  of  repetitive  Btruo- 
lure  coexist.  The'loiiffiturfinal  is  howevuT  preHotninnnt  lu  tiie  Vti'Uln-aUi, 
Mollii»ea  and  Artkulaia,  while  the  eentri/uijal  Ih  yreAllj  developed  in  tlio 
Calmt^rata  and  Itaittatn.  In  none  but  the  simplest  forms,  are  eitlier  of 
theite  modes  to  be  fuuiid  alone. 

The  eentriftigal  repetition  or  addition,  more  nearly  KBembles  the  mode 
of  a^gTegation  orrilomiiin  inorpanie  os  crygtBllioelKidies,  and  hence  may 
bo  regarded  u  tlie  inferiur  maitifestiition.  It  implies  tbM  growth  force 
In  Uiis  case  oonforius  to  a  law  of  polarity  in  exhibiting  itself  at  equal  dis- 
tanousfrom  a  centre.— which  U  allied  to  nrdinary  molecular  force,  and  in- 
iJepeodent  of  the  locNlixing  inflnences  of  whit;h  higher  organisms  seem 
capable.  In  oentrirugal  animals,  then,  tliu  latter  evidently  plays  an  in- 
ferior port.  In  Cu>1eiiterateH  and  ItadlaleK,  however,  the  oody  poswBMs  a 
short  longitudinal  axis,  in  some  ■Aitrri.i»\  very  short,  in  othei-s  (JIniolhu- 
Ha),  more  elongate.  The  ainount  of  complication  of  centrifugnl  growlli 
greatly  exceeds  the  ctimplicnlion  in  a  longitudinal  direclion  in  all  of 
tlieae  animals  cxcapt  the  Ihloth-urida. 

\\  is  DOW  important  to  observe  that  groat  nnmliers  of  centrifugal  ani- 
RialB  are  sedentary  or  eoasik;  while  the  longitudinal  are  vagrant,  moving 
from  place  to  place,  ilany  of  the  centrifugal  animals  whicii  wandei'.  do 
not  do  BO  in  in  the  direction  of  their  axin,  hut  sideways  {Medvia).  It  is 
hIbo  proper  lo  notice  tbat  not  only  the  movements  of  the  muscles,  but  also 
the  direction  taken  by  the  food  is  :u  the  long  axis.  Itisthevefore  tobe  con- 
cluded tbat  in  longitudinal  aDiniale growth  force  has  assumed  a  more  truly 
^Jdmal  tyi>e,  and  tbat  this  Icn<lcncy  has  predominated  over  the  polar  or 
^Bolecular  tendency. 

Itt  most  longitudinal  animalN,  however,  certain  lateral  portiouH,  limbs, 
^Me.,  extend  on  each  ttido  of  the  axis;  and  were  the  space  marked  by  their 
Extremities,  and  those  of  the  axis,  filled,  we  would  have  the  outline  of  a 
^Sentrffagal  animal. 

Before  discussing  the  inHuenees  which  have    increased  and  located 

QETowtli  force,  it  will   bo  necessary  to  poiut  out  the  mode  in  which  these 

S  nllueiicoH  must  necessarily  have  etfeuted  growth.     Ac«eleiation  is  only 

X>oaatI>le  during  the  period  of  growth  iu   animals,  and  during  that  time 

>uo«t  ofthem  are  removed  from  the  influence  of  physical  or  biological 

csiases,  cither  tlirougli  their  hidden  lives  or  incapacity  for  the  energetic 

(Mrformancc  of  life  functions.     These  influences  must,  then,  hnve  opuca- 

Xed  on  the  parents,  and  become  energetic  in  the  growing  fottus  ot  the 

xraxt  genemtion.     However  little  we  may  understand  this  mysteri.jus 

'prooe«B|  it  is  nevertheless  a  fact.     Says  Murphy,  *'  There  is  no  act  which 

may  not  become  habitual,  and  there  is  no  habit  that  may  not  be  inher- 

iUd."    Hate  rial  ined,  this  may  be  reodared— tliore  is  nonet  wbioh  dues 

not  direct  growtii  force,  and  tlierefore  there  ie  no  determi  nation  of  growth 

lont  which  may  not  become  liabitual ;  tliere  is.  then,  no  habitual  deter- 

niiMlioii  of  growth  force  which  may  not  bo  inherited  ;  ami,  of  course,  in 

a  growing  fwtiia  beeoinea  at  once  energetic  in  the  production  of  now 

Mtiuetnre  iti  the  direction  iuberited,  which  \s  acceleration. 
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Bat  if  the  forces  noiivettod  into  growth  forte  are  derived  from  wiUnnit 
the  animal  organism,  whence  and  what  the  agency  by  whifli  the  acceltr- 
Btion  or  retardation  of  the  latter  ia  inherited  from  the  parent!  A  few 
euggefttiuns  uiilf  ou  thin  hond  can  be  made  in  the  fourth  secliOD. 

III.    THE  LAW  OF  reB  AND  ErPOItT. 

Up  to  this  i>o[nt  we  buve  followed  paths  more  or  leas  diiitiactly  traced 
In  the  Held  uf  nature.  The  positions  taken  appear  to  me  either  to  h»v« 
been  demoiiBLrated  or  to  hiive  u  great  balance  of  probahilit}'  in  their 
favor.  In  the  ulosin)*  part  of  thiv  pnper  I  chall  indulge  in  mcireofby- 
potliesis  than  heretofore. 

Since  repetitive  addition  only  proJiiceB  identical  I'esults  in  arclietjpca, 
and  each  efl'ort  produces  results  mon;  and  mure  untiki'  its  pivdtcAsitor  a« 
Btruuture  beaome«  apeclalizud ;  it  becomes  important  to  cxiimino  iDto 
the  inliuences  which  have  originally  modiflcd  the  tf  jictitive  etlbrlB  suc- 
cessively, pi'oducing  Btmittnres  inoi-e  or  lesR  different  in  detail  in  ijie  «n. 
ond  generation  from  thonc  uf  the  parcntu,  in  acouleratiua,  or  the  revetMr 
in  retard »tioD. 

Oniiig  further  back,  llie  question  ariBet,  why  n  simple  ozhibitioii  of 
repetition  (rr.  ff,,  cell  division)  Hhould  "be  converted  into  a  complex  or  diu 
plicated  repetition  («.  ff.,  jointed  rdyl.  Thiii  it  bns  already  been  ntutvd.  is 
one  oonsectuence  of  increased  amount  of  the  growth  force. 

Wn  then  &eek  ezphinatiou  uf  the  inalo  queMion,  aa  to  what  dotenniniM 
the  location  of  this  additional  or  new  growili  force.     (I'i".  A.) 

Lastly,  why  the  total  Amount  of  tliln  force  btaould  chango  in  a  given 
individual  or  part  of  an  individual.    (Div.  B.) 

A-    On  tbk  Location  ok  Guowth  Foucb. 

What  are  the  in  Hu  en  DCS  locuiing  growth  force?  Tbo  only  ediciont  one* 
with  which  wu  are  aciiuainied,  are,  first,  physical  and  oliemical  ckuimb: 
Hcond,  use;  and  I  vronld  odd  a  third,  vie:  elt'ort.  I  leave  the  lirst,  as  not 
especially  prominnnt  in  the  euonouiy  uf  type  growth  among  auimaU,  and 
conllne  myself  to  the  two  following.  The  elTects  uf  um  are  well  kunwn. 
We  cannot  u»e  a  muscle  without  incraa«iDg  its  bulk;  we  cannot  lung  um> 
the  t«eth  in  miwlioation  without  induaing  a  rcucwtd  deposit  of  dentino 
within  tlto  pulp-cavity  to  meet  tiie  enoroachnieuts  of  attrition.  Tlie 
hands  of  the  laborer  Hm  always  larger  than  thuKO  of  men  of  other  pur- 
Huits.  Puthology  fbniislioa  ae  with  a  host  of  hypertrophies,  exostusvs, 
eU!.,  produced  by  excessive  use,  or  necessity  fur  increa&ed  means  of  per- 
forming exiiBHslvu  work.  The  leudoiicy,  then.  Induced  by  use  hi  tbo- 
purenl,  Is  to  add  segments  or  cells  to  tbe  organ  used.  Use  thua  dclcrmin«» 
tlie  locality  of  new  i-ejie  tit  ions  of  parts  already  existing,  »nd  detvnuince- 
an  increase  of  growth  forue  at  the  sanne  time,  by  the  increase  of  food  nl- 
wn>B  accompanying  increase  of  work  done,  in  every  animal. 

But  supposing  thera  be  uo  pnrt  or  orgau  to  use.    Such  muit  bara  bven 
the  condition  of  CVG17  animal  prior  Lo  the  appearance  of  an  addlttoonl 
digit  or  limb  or  other  useful  clemeut.      It  apjwnm  to  mc  that  tlie cause  or' 
tho  determination  of  growth  furco  U  not  merely  the  irritatiun  oftLe  part^ 
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or  organ  used  Ity  contnct  with  tbo  objects  or  Ub  use.  ThU  would  bmih 
lo  Ijo  the  remole  qaubh  of  Iho  depoait  of  ^^entiIle  iu  tlie  nseil  tootl);  in  tlie 
thickening  epidertiiiii  of  tlie  hand  of  the  iahorer;  in  tlie  wandering  or  tlie 
lym])li-o«lU  loUie  scariQed  cornea  of  the  frog  in  CoLuhoim's  ciperimcut. 
Yoii  cannot  rab  tlie  sclerotica  of  the  eye  without  producing  an  expansion 
of  the  CRpillnry  arteries  and  corraapondlDg  increase  iu  the  amouut  of  nu- 
tritive ftuid.  But  the  onae  may  be  different  in  the  mugcleH  and  other 
organs  (as  ilie  jiigment  cells  of  reptiles  nnd  fibhes)  which  are  under  the 
runtrol  of  the  volition  of  the  animal.  Here,  and  in  many  other  instauces 
which  might  be  cited,  it  caunot  be  asserted  tlint  the  nntvitioii  of  uise  is 
Sot  nnder  the  direut  control  of  the  will  tbroujjh  tbe  mediation  of  nerve 
Ibrce.  Therefore  t  am  disposed  to  believe  tbat  growth  force  may  be, 
throBgh  the  motive  force  of  the  uuimul,  a^  i-eadily  determined  to  a  lo- 
cality where  an  executive  oi^an  does  not  exist,  as  to  the  first  segment  or 
cull  uf  such  an  organ  already  oummeuced,  and  that  therefore  eH'ort  is,  in 
the  order  of  lime,  the  first  factor  in  acceleration. 

Addition  and  Bublractiun  of  growth  force  in  accordnnce  with  the  modes 
pointed  out  below,  nocount  for  the  oxistouoe  of  many  clinraoters  wliioh 
are  not  adHjJiive  in  tlieir  nature. 

Accelcriitiou  under  tUe  influence  of  effort  accounts  for  the  existence 
or  nidimeuls  uf  organs  in  process  of  development,  while  rudiments  of 
Oilcans  in  process  of  extinction  ai'e  rcsutiH  of  retardation,  owa&ioned  by 
i^bfioliite  or  complementary  loss  uf  growth  force.  Many  other  characters 
'^nrill  follow,  at  a  distance,  tlie  modiSciLtiDns  resulting  from  the  operation 
of  these  laws. 

ExAJdrLBs  OF  TBE  Ihfi.ubkce  of  Phthcal  Cadsbb. 
This  is  nowhere  better  »een  theiD  in  the  case  of  coloration,  which  re- 
<S aires  the  licht  of  tlie  suu  for  ll8  production.  The  most  striking  ex- 
amples of  this  are  seen  in  the  colorless  surface  of  animnle  inhabiting  the 
»»0BBEeH  of  oaves,  as  the  blind  oraw-tlsh  and  the  Amblyoptu,  etc.  If  evo- 
Itttion  be  line,  Iheso  have  descended  from  mora  highly  colored  pro- 
ggunitora.  The  flat  llshes,  also  {I'levroneeddai  as  is  known,  swim  on  one 
^Me  in  adult  age,  liut  many  of  them  are  batched  symmetrical  llshes,  or 
*T«tfly  no,  one  eye  rotating  from  one  aide  to  the  other  by  a  twisting  of  the 
vsrnnial  bones.  It  is  thus  praliable  that  they  have  descended  from  hyin- 
Knotrloal  fisbesi  whioh  were  similarly  colored  on  both  sides.  Now,  the 
lower  ddc  is  colorless,  the  upper  retaluiug  often  brilliant  hues.  The  in- 
lluence  of  sunligbt  is  thus  as  distinutly  disuovei-able  among  animals  as 
mtiinig  iil.'uite,  where  it  has  been  generally  accepted  as  a  principal  of  vcg< 
«tabl«  physiology.* 

Examples  of  the  Effects  of  Effoht  akd  Dbe. 
(  HttptrMnry  nnH  Oireulatorg  Sj/nttrn  of  Varltbr/tM,     It  is  well 
it  the  Bueoession  of  classes  of  Vertebrates  is  measured  flrat  by 
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their  adaptation  to  nJi-ation  in  water,  aud  tlieu  by  tlieir  s 
partu res  rrom  this  type  in  connection  with  tlio  fnciilty  of  breathing  ^>. 
The  Game  succession  of  structure  is  trikvet-fed  hj  tho  embryos  of  Uie  vi 
hibratcs,  the  number  of  sttiges  pauied  boiuK  roeu«iired  by  tbe  final  at^iift 
of  the  adult.  Tbis  transition  takes  plaoo  in  the  Batracliia  1al«r  in  doveL- 
opment  than  in  any  other  class.  Now,  it  is  well  bnonn  that  the  transi- 
tion or  metamorpliosis  may  be  delityed  nr  encouraged  by  snpiw'easlon  of 
use  of  the  liranchia]  and  encouragement  of  use  of  tlie  pulmonale  oigaDs 
or  the  reverse. 

The  S(iuatic  reKplralion  of  ta.dpoIeH  may  be  Indeflhitely  pro1ou|;eil  liy 
lireventing  theiv  accesa  to  the  surface,  and  it  la  known  Ibat  in  nnturo  tl 
siKO  or  age  of  llie  larvn  at  time  of  nietamorphosla  m*y  rary  ntnoli  Sa  tl 
sama  species.  If  perennibranahiatea  {Birtn  t.  g.)  are  deprived  of  Lbeir 
brauohiitt,  they  will  ai-rale  bloorl  by  the  lun);B  exclusively,  and  there  ii 
raasonto  doubt  that  by  una  of  tlieuc,  and  disuse  of  the  brauohlK,  Kdiial 
respiration  might  become  tbo  liabil  of  the  ani-nal.  It  is  also  easy  to  pei^- 
ct'ivc  that  geologic  dianses  would  bring  about  a  necesaity  for  precisely 
this  change  of  habit.  Tbii  occun'ed  in  the  i>eriod  of  t'.e  coil  meisurtnt, 
where  large  fresh  water  areas  were  deaicoated,  and  it  niw  pi-eclsely  at  tbi» 
period  that  inauy  air  breathing  IIiitracJuanB  Oii^eated  nud  had  a  gteat 
development. 

,S   The  ritltU  of  the  Battleinoke. 

Nearly  all  of  the  lai'ger  barmlesB  snakes  which  tiveou  the  ground  haveA 
habit  of  throwing  the  end  of  tlie  tuil  into  violent  vibrations  when  AlArmod  or 
excited,  with  the  view  of  alarming  a  supposed  enemy.  A.moag  Oi/roiullint 
snakes,  Ophibohi  Iriiin^vlait  pOKHCsscs  it;  among  the  water  snakes,  Tropt- 
dirnotvt'iped'/n.  InthetypicalColulirinegrouptbe  Mack  snake,  Baieanint 
eanalrielor  la  an  example;  PUj/trphii  mini  also  shakes  the  tn.ll  violently.' 
The  copperhead  (AneiUeodan  Mnturlrix)  and  the  moccasin  {A.  piteiraru*) 
[Qda  Qjintlicr)  hare  the  habit  iu  a  marked  degree.  Among  the  rattlfr- 
Kuakes  it  is  a  means  of  both  woitiini;  and  defence,  iu  connection  will 
rattle  which  they  carry. 

In  the  structnro  of  the  end  of  tlie  tail  of  harmless  snakes,  we  oi 
traoe  of  the  llrst  button  uf  the  i-attle  in  n  homy  cap  tliat  covers  the 
mtnal  vei'lebriL-. 

In  the  venomous  genera,  it  is  oouMpiouous  In  Lanhetu  oapecially,  r«uh- 
ing  a  ooneiderable  length  and   having  a  lateral  groove.     In  Uie  plate- 
beaded  rattlesnakes  ( UroMun)  this  cornuoua  cup  is  InJlnted  into  a  buttoa 
witii  lateral  groove,  und  in  some  of  them  jioBHesaas  only  one  or  two  but> 
tons  or  joints.     In  the  peifected  rattlesnukeslfawdriiona]  not  only  are  tl 
segments  nuuiorous   and   inflated,  hut  n  numbor  of  tlie  lorminnl  oaad 
vertebra?  are  greatly  enlarged  vertically,  and  mKisaiflod  into  a  mass."  Th 
is  important  from  the  fact  that  the  rattlesnakes  are  the  most  speoIolUed 
of  all  snakes,  standing  at  the  head  of  the  ordur,  and  as  socb,  on  tb«  priD< 
cipal  of  aef-eUiration  present  tbo  greatest  amnunt  of  gradt  nutrition. 

Now  it  Hppo&rs  to  me,  that  tha  constant  habit  of  riolenl  vibration  In  ft 
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part,  tends  to  determine  »n  increased  snntmnt  of  nutritive  fluid  to  it.  in 
other  word*  to  l[>callEe  growth  nutrition,  and  nlien  this  has  attained  com- 
plex repetition  or  grada  nutrition,  to  I'esult  in  new  grade  structure.  (The 
KgmenlH  of  tlie  tattle  being  neiiilj  all  lUike,  it  is  a  case  or  simple  repeti- 
tion.) TbiB  view  appears  to  he  as  reasonable  as  tbat  KeDGrally  entertained 
with  iTgaid  to  the  cause  or  spavin  in  the  horse's  teg.  Here,  owing  to  ei- 
ceuire  use,  ezostoses  appear  on  the  boues  surrounding  the  tibio-taiml 
articulation.  As  to  the  reason  of  the  structui-e  [n  queetiou  not  appearinK 
in  fortna  lower  In  the  scale  than  the  rattlesnake,  it  is  explained  below. 
If  th«  hiw  of  nccumulntion  of  grade  nutrition  be  true.  (See  sec.  B.) 
Thiaia,  that  repetition  luraeceleratinnj  Is  on  If  possible  where  the  animal 
IraiMi  excess  or  growth  force  at  its  disposal,  ov  can  abstract  it  from  somo 
portion  which  is  unused  or  useless, 

Y   On   horn;     The  possession  of  horns  on  the  posterior  part  of  the 
cranium,  as  ilefunsns  against  enemies  is  a  character  found  in  many  dis- 
tinct types  of  animals.     (HerbiTora  Lave  no  (dental)  weapons  and  need 
b^wns).  Itisseeninthe  BiiCrachla  Stesocepkaln  in  the  extinct  geuns  Ctrattr- 
f^^ten;   among  Jnura  it  is  approached  by   Triprion  and   HemipHraetui. 
■^^  anong  Reptilia  it  is  well  marked  in  Fhrynnioinii,  a  Lacertilian  genus.  In 
A^jiniiwati'a  the  ^riJorfagfjjIaituTniaantM  are  thebomud  animalaof  the  order. 
V^i'^e  have  opportunities  of  observing  the  liabits  of  these  representativea 
**'^~  Uie  Frogs,  the  Lizards  and  the  Slammals. 

3q  the  lint  case,  any  one  who  hn^  kept  onlinnry  toads  and  tree  toads 
'*-»  caRRnemeut,  Is  aware  that  when  attacked  and  unable  to  escape,  they 
**-^^  feud  themselves  by  presenting  the  top  of  tlie  bead  forwards  and  using 
'^'  as  a  shield.  Now  I  have  already  pointed  out*  that  in  both  toads,  tree 
*,  and  fVoga,  there  arc  natural  £eri«s  of  genera,  measured  by  the  de- 
cs of  ossilicatiou  uf  the  sn|wrior  oranial  vralls.  tlie  longest  being  that  of 
***-«Hjlidic,  which  embntceH  six  terms  »i»  :  JfyUU'i,  Hyla,  Seytopii,  OtUo- 
'  ^'-^-ihalui,  Tradtyephalut  ojJd  I'riprioii.  The  two  last  have  the  head 
*^*  '^roughly  shielded,  and  TriprSon,  bait  projecting  angles  which  appear  in 
•^^^^■M  South  Aniciican  forms  lately  described  by  M,  Espada,  to  be  devel- 
.^K^hcd  luto  short  horns.  That  this  exceBiive  ossilication  is  associated  with 
^'^•■^liabii  of  prol«uting  the  whole  Imdy  with  the  front,  seems  likely. 

Jn  the  case  of  J'/irffitoiomii  we  know  that  precisely  the  same  habit  is  as- 

_^~*'^iat*d  with  tlio  prosenco  of  ilie  sharp  horns;  and  that  some  genera 

"  Sthout  horns  possess  it  also.     Phryhotonia  is  an  exceptionally  sluggish 

*^^^Bus  iu  a  family  of  niostaative  fotma,  and  niii«t  necessarily  resort  to  this 

^^*  wde  of  defence  more  than  tlicy. 

In  Ike  case  of  Dumiuants,  we  also  know  that  defence  is  accomplished 
.     ^r  throwing  the  bead  down  with  the  Lioras  thrown  forwards.     But  this 
Ql  cuulined  to  Ibis  group.     That  generalieed  sulxirdor,  the  Arliodaetsta 
^^•ilnaria,  leprcaenled  by  the  bog,  which  were  no  doubt  the  genetic  pre- 
'^»«ekun  of  the  Ruminants  in  timo,  al!M>  throw  the  head  down  in  defence 
*»  Ibe  Kuue  way,  having  thus  a  manner  totally  disthict  from  that  seen  In 
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•  present  HO  oouaUiit  nn  aiuocuttitm  bi^tireeii  Iiabll  toA  qm, 
thftt  odmittiHK  evulutioii,  we  aro  coropetled  to  twllcre  that  the  ■truetnre 
baa  given  riu  to  the  habit  or  tbe  baliit  to  the  Btruotun).  Id  tbc  former 
cage,  we  liRve  to  suppgee,  with  tlie  author  oT  Hatiintl  wlection,  that  ■moag 
the  mtuiy  spontaneous  variatious^  rudlmcntot  boms  oocasiuaallj  appMtrMi, 
and  that  their  pORBessorB  being  thus  favorod  In  the  stiuggle  for  exiatence. 
wer«  preserved  and  multiplied;  while  thoM  not  l&vonxl,  dwindled  and 
were  ultimately  nearly  M  ettin>Jitc()  or  starved.  The  question  of  orlgtii 
Is  here  left  to  chance,  and  Alfred  Bennett  hiui  made  A  matlieinatical  oaUinUa 
of  the  chances  of  any  particular  profitable  variation  occurring  among  lb» 
great  number  of  possibilltieH  of  tbo  case.  This  has  shown  Uiu  uhoiwa  to 
be  fio  excessively  small  as  to  amount  in  most  cawes  to  agreat  impmbalriUlJ'. 
If  we  turn  to  the  probabilities  of  mich  structure  baving  arisen  throagb 
the  selection  of  that  mode  of  defuncu  by  the  animal,  we  find  them  greatly 
increased.  The  position  occupied  by  the  borns,  in  all  the  animal*  de- 
scribed, la  that  which  Is  at  onco  brought  into  uontact  with  an  enemy  to 
conflict,  and  as  sport  among  anitiials  is  a  gentle  imitation  of  coullict,  the 
part  would  be  constantly  excited  in  sport  as  well.  With  an  excosa  of 
growth  nutrition,  our  knowledge  of  the  effects  of  friction  on  the  epider- 
mis, and  of  excessive  ligamentous  strain  and  Inflammation  on  bone 
(«,  g.,  spavin  in  horses)  as  well  as  of  abnormal  exostoses  in  general,  would 
warrant  us  in  the  belief  that  tbe  use  of  the  angles  of  the  parts  in  que*- 
tion  in  these  animals,  would  result  in  a  normal  exostosis,  of  a  aimpto 
kind  in  tbe  frogs,  or  as  bom  cores  in  the  Ruminautia.  As  to  tho  slieftlh- 
ing  of  the  cores  in  the  Boridic,  and  nakedness  in  the  CtreidtM,  it  Is  In 
curious  relation  to  their  babiut  and  to  their  bablta.  The  ep!d«rmia  and 
derm  would  of  course  share  in  ilie  elTccti  of  friction.  In  the  BorldM 
which  dwell  in  treeleas  plains,  or  feed  on  tbe  grasses  in  gn-at  part,  iJied*- 
velopment  of  these  coverings  of  the  born  cores  into  a  liomj  sbeRtfa, 
would  naturally  meet  with  no  iotertuplion,  In  tho  case  of  tlie  dew, 
which  mostly  live  in  forests  or  biowso  on  trees,  constant  contact  with  tba 
latter  would  jirevent  the  healthy  growth  of  tlic  dei-mal  covering,  *xtA  It 
would  bo  liable  to  injury  or  couetaat  excoriation  by  tho  animals  tliMU- 
aelvea  on  the  bmncUea  of  trees,  etc.  This  we  know  to  bo  tbe  preaent 
habit  ofthe  deer  as  regards  tho  dermal  covering  of  the  horns.  1  haw 
elsewhere  pointed  out  the  similar  connection  between  the  dental  itmctiuo 
and  babiut  among  tlie  oxen  and  the  deor.  The  forTner  eating  the  lutnler 
graaaes,  are  provided  against  tho  oonMH]ncnt  rapid  attrition  of  tba  toMb, 
by  a  prismatic  form,  which  allows  of  more  prolonged  growth  and  mora 
rapid  prolruaiou.  The  deer,  in  accordance  with  their  follage-vatlng 
bnbilt,  do  nut  wear  the  ciown  of  the  tooth  with  snob  rapidity.  Long 
continued  protrusion  U  not  so  nooossary,  hence  the  teeth  are  more  dla- 
tiuctly  looted  and  have  a  pronuinenco  or  shoulder,  distiuguhdiLBg  Um 
body  of  tbe  crowu. 


B.  Cbakoe  im  Amockt  of  Growth  Fobcb. 
1,  Ahieliitf.  tnereau  of  GroictK  Faree. — is  every  type  ha^  hod  its  period 
of  greatest  iJevelopnient  in  numbers,  8i;ie,  and  complication  of  structure, 
the  present  law  indicates  as  au  explaniction,  n  culmination  of  the  pro- 
cess of  oonTeraion  of  growth  force  from  its  energetic  to  its  potential  state 
in  lUsue.  The  cause  is  primarily  tl)e  increased  exerdse  of  effort  and 
•as*,  wliich  while  effecting  a  conversion,  increues  the  capacity  of  the  or- 
gans hy  which  further  conversion  is  effected. 

3.  Local  inerttue  of  Oroath  FoTct. — Examples  of  a  local  increase  of  this 
Irind  are  probabl;  to  bo  soen  ib  convoluted  orj^ans  ;  as  tho  couvolutiODS 
of  tJie  brain  in  higher  Mammalia ;  the  oouvolutioua  of  the  enamel  of  the 
Labyrinlliodout  Batrachia ;  tlio  same  plienomenon  in  the  cotyledons  or 
pliunule  of  some  seeds.  In  these  cases  the  superficial  area  of  the  parts 
Is  excessively  developed,  and  the  inclosing  organs  not  being  proportion- 
ately enlargvd,  a  convolution  necessary  follows.     In  the  first  case,  the 

akall  ;   in  the  second,  the  alveolus  ;  in  the  third  ca«e,  the  seed -envelope. 

reetrain  the  expanse  of  the  contained  part,  which  would  otlierwisc  follow 

increase  of  growth  force. 

8.  Ahtotute  lottof  Groatlh  Forct.— This  v^\  follow  defective  nutrition, 
produced  by  inability  of  the  animal  to  obtain  heat  and  food  requisito 
t«  Uial  end.  This  is  supposed  to  be  due  (according  to  the  view  hereafter 
proposed)  primarily  to  ileficiency  of  intelligeuc«,  in  failing  to  adapt  habiti 
to  cltanged  physical  circumstances,  and  secondarily  to  the  unfavorable  » 
anfluence  of  such  changed  circumstances.  The  extinction  of  highly 
«p«(tialized  types,  which  has  closed  so  many  lines  of  animal  types,  will  be 
inled  for  by  their  less  degree  of  plasticity  and  want  of  capacity  for 
(•  under  such  changed  circumstances.  Snch  changes  consist  of  mo- 
dlflwl  topography  and  temperature,  with  irruptions  of  many  new  forma 
mxt  life  by  migration.  Tlie  leas  developed  forms  would  be  most  likely  to 
^ucpericDDe  modification  of  structure  under  a  new  order  of  things,  and 
jialseODtalngy  teaches  that  the  predecessors  of  the  characteristic  types  of 
one  period  were  of  the  less  spocialixed  forms  of  that  which  went  before. 
Thus  is  explained  the  Eact  that,  in  following  out  the  line  of  successioD 
of  animal  farms  we  have  oonstantly  to  retrace  our  steps  from  specialiied 
•xtremes,  i  as  osseous  fishes,  tailless  Batrachiu,  songbirds,  etc. J,  to  more 
S«neraliacd  or  simple  forms,  in  order  to  advance  beyond. 

4.  Iht  compleinenUiTy  dimxn-alion  of  growth  nutrition  follows  the  excess 
,  new  locality  or  organ,  of  necessity,  if  the  whole  amount 

a  animal  is  capable,  be,  as  I  believe,  fixed.    In  this  way  are  ex- 
d  the  cases  of  retardation  of  character  seen  in  most  higher  types. 
rery  of  truly  complementary  parts  is  a  matter  of  nice  obsorva- 
B  And  experiment.     Perhaps  the  following  cases  maybe  correctly  ox- 
plained. 

A  eomplementary  loss  of  growth  force  may  be   seen   in  absence   of 
ir  teeth  and  digits  in  ruminating  Hammatio,  where  exoes- 
■iorce  ia  evidently  expended   in  the  deve!opmot>t  of  horns,  and  com- 
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plic&tionof  BtomacliBDd(iigeati^  organs.  Tl)e  exooM  d(iTot«d  to  the  latter 
regioD  may  account  for  the  lack  of  teeth  at  its  anterior  orifioe.  tlie  moutb  ; 
otherwise,  there  aiipeora  to  be  no  rcasoD  nhy  the  ruminating  luiimsJs 
should  Dot  have  the  superior  tnci»ors  as  well  developed  ax  in  the  odd  toed 
<  Perissodactyl)  CnKukites,  man;  of  which  grize  and  browse.  The  losa 
to  the  osseous  system  in  the  subtraction  of  digits  may  be  made  up  in  tho 
development  of  bonis  and  horn^cores,  the  horn  sheath  being  perhaps  the 
complement  of  the  lost  hoofs.  It  is  net  proposed  to  Assert  that  similar 
parts  or  organs  are  necessarily  and  in  all  groups  complemeutnry  to  each 
other.  The  hoiso  has  the  bones  of  the  feet  still  further  rediioed  than  (be 
ox,  and  is  ncvertheleiw  without  horns.  The  expenditure  of  the  cample- 
mentttry  growth  force  may  be  Hought  elsewbei-e  in  this  animal.  Thft  lat- 
eral digits  of  the  Equidip  are  succpRsively  retarded  in  their  growth,  their 
reduction  beingmarked  in  i/ippo(A«rium,  the  last  of  the  thtee-toed  bones; 
It  is  aooompanied  by  an  almost  ooiucident  accetemtlon  in  the  growth 
natrition  of  the  middle  toe,  which  thus  appean  tu  be  complementar?  to 

The  superior  incisors  of  the  Ai-iiiiiJ'ielj/hi  disappear  ooincidentatty  wlA 
the  appearauce  of  boms,  which  ^ways  exist  in  the  toothless  divlsioD  of 
the  order,  eiecpt  in  some  very  uunll  antelopes  (fepAoJopftmi,  etc)  vher* 
the  whole  amount  of  growth  fOTce  is  small.  Possibly  the  superior  ineL. 
Bors  and  horos  are  complementary  boi-e.  The  retardation  in  dovelopmenl 
of  the  teetli  to  the  higher  ajies  and  men,  as  compared  with  the  tower  apw 
is  coincident  with  the  increase  of  number  of  brain  convolutions.  Tbat 
this  is  not  necessarily  coincident  with  reduction  of  teeth  in  other  groups 
is  plainly  proven  by  the  rodi>nts'and  Chiromyi  where  the  toss  of  many 
teeth  is  complementary  to  the  great  size  of  the  incisors  of  the  middle 
pair.  But  in  man  there  is  no  voinplBinentary  increase  of  other  teeth,  and 
the  reduction  is  no  doubt  due  to  contruction  of  the  jaws,  nhiofa  is  oom- 
plemeutary  to  increase  in  other  ports  of  the  cranium,  in  both  apea  and 
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I  am  confident  that  tbo  origin  And  loss  of  many  slrucl 
counted  for  in  this  way,  and  the  correlation  of  parts  t 
meatuTtd  accurately. 

Ototction.  The  first  one  whioli  arises  is  thai  which  tlie  anthor  oT  tbe 
Vestiges  of  Creation  made  against  Lamarck's  theory  of  a  similar  kind,  £.a 
that  by  assuming  that  efiort,  use  and  physical  asuseshave  originated  modl- 
Hcations  of  structnie,  wo  give  the  adaptive  principln  loo  much  (A 
do.  1  have  made  tlie  hame  oUjcetiou  to  the  theory  of  nstutal  selec- 
tion. It  is  true  tbat  an  application  to  a  purpose  is  involved  In  tbe  pn». 
ent  theory  of  the  ''  location  of  growth  force;"  but  in  point  of  fact,  a  Urge 
number  of  non-adaptive  charaoters  are  accounted  for  by  it  Thete  %n 
the  rudimental  and  transitional  ones  which  mark  the  succewlvo  step* 
preliminary  to  the  completion  of  an  adaptive  structure;  second,  thoM 
produced  by  delicieocy  of  grnwth  force  ix,  lees  bvorcd  regions  of  the  body, 
and  third  and  fourth,  phenomena  oousequenl  on  general  dettnienej'  and  ex* 
CMS  of  growth  foi'oe. 
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And  it  m»j  he  a&i<j  in  ooDclosion  tliat  ir  the  three  principlos,  or  if  iu« 
<>Ep«ciaUr.  should  bo  bund  to  bo  iaiuleqnate  to  the  service  hero  demanded 
or  them,  it  may  be  at  least  said  that  the;  or  the  last  named,  ooostituta 
the  only  controllere  ofKronUi  force  to  any  degree  at  all,  with  nhich  we 
Bi*  aoquaintad. 

I  IT.      OS    OSADR   HtKLUEKCE. 

The  otu'eot  of  the  presen*.  section  ia  the  attenipt  to  dIeoiiM  how  the  in- 
floenoe  of  effort  and  use  on  Uie  parent  is  pinoed  in  a  position  to  be  inlier- 
!ted  fay  the  ofr&pHng. 
A.  Of  t/ii  yatvre  of  Gmdt  luJiutnM. 

Td  the  first  place,  it  is  necessary  to  note  the  deHnltion  and  character  of 
gntde  i  n  Que  nee- 

a.  Growth  force  UDinflueDced  by  gi'atle  iuflaonoe  simply  adds  tissne 
eitlur  {a)  in  enlargiug  niie,  or  (S)  in  replacing  waste.  It  does  this  by  re- 
plating  the  cell,  bydivlHion,  in  lacnUtiestrhtch  have  already  asxnmed  their 
spedflc  foTtn.  This  form  of  growth  force  may  persist  throughout  life,  but 
wilt)  diminished  energy  in  nge. 

,S.  Grade  iufluenoe  dirocts  growth  force  in  building  up  the  tisanea  into 
organs,  and  constructs  the  parts  of  the  body  successively  to  completion, 
tba  result  expressing  the  type  or  grade  of  the  animal  or  plant.  Its 
energy  terminates  with  maturity,  ecrept  in  cases  of  periodical  reprodoo- 
tioD  of  Mxual  oroomeots  of  the  male  (birds,  deer),  where  it  coutinaes 
throughoDt  life,  appearing  st  regular  IntervsU. 

Bnt  it  hait  occurred  in  ocouleration  that  liialead  of  a  simple  repetition  of 
tJi«  altlmkto  histological  element  of  an  organism,  in  oddiog  to  its  amount. 
It  adds  B  completely  organixed  part  of  the  Etructure,  as  a  tube,  a  phalange, 
•  digit,  a  limb  or  an  arch  ;  an  ooellus  or  a  tooth.  For  instance,  in  the 
gCDUS  AvihlyUema,  one  seetiou  |>osBesses  four  phalanges  on  the  longest 
'digit ;  another  section  exhibits  but  three.  In  the  species  A.  maiortium, 
•ome  indiiiduals  have  the  emntl  utimbfr  of  phiiUngca,  but  tlie  majotjty 

Ktbe  larger  number-  Ae  all  are  of  common  parentage  a  whole  pha- 
bos  been  lost  or  added.  The  eiptanation  of  this  phenomenon  it 
»l  to  the  comprehension  of  the  origin  of  type  struotiires. 
plants,  growth  nutrition  continues  tliruughout  life,  but  in  the 
pUnts  it  is  more  active  during  tlie  earlier  years  in  perennial 
■pedes,  additions  te  sixe  becoming  loiiB  »nd  less  marked  with  increasing 
■go.  Gradn  nutrition  also  persists  throughout  life,  but  is  chielty  aotire 
during  a  short  period  only  of  every  year,  or  during  flowering  and  fruit- 
ing. Not  only  in  the  pi-oducUon  of  the  ]*eproductive  organs,  but  nlso  in 
UiB  yearly  additions  to  other  typical  ports  of  the  plant,  grade-nutrition  is 

"In  animals,  growth  nutrition  is  more  active  in  the  early  stages  «f 
life,  but  is  continued  throughout  in  the  lowpr  divisions  ;  in  the  highest, 
it  is  also  continued  throughout  life,  bnt  there  isa  greater  contrast  between 
'te  remits  during  youth,  when  nearly  the  nholo  siie  is  attained,  aud  dar- 
nklge,  where  the  additions  are  much  less. 
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Onde  natrition  is,  on  the  other  hatiJ,  entire);  confined  to  intKocf  and 
youth,  ezMpt  in  tho««  Ion  animalH  wliioh  produce  IhoLr  MpnMluetiTe 
nrgftna  pcriodieall;  (totae  Entoioa,  etc.],  where  it  may  b«  Btu4  to  be  L 
nearly  the  same  oondition  as  iu  planta, 

y  While  the  amount  of  growth  force,  potential  in  adult  living  mninnlii, 
han  varied  very  irregularly  tfaroughoDt  the  oniraal  kingdom,  there  being 
large  and  small,  simple  and  compleK,  in  every  divjiion,  it  would  eeem 
to  have  accumulated  on  the  whole,  with  the  rising  scale  of  animal  typ#«- 
Tbiia  the  lower  or  Protozoa  are  the  smallest ;  Bitditittii  are  ucst  in  si 
Sfotlun-i  and  ArlifiitaUi  reach  nearly  tlie  same  maximum,  which  exoeedt 
that  of  the  Badialei,  and  falls  far  t>elow  that  of  the  VtrtthriU:  Among 
the  last  the  mammalia  have  attained  as  large  if  not  larger  site  than  any  of 
the  other  orders  («.  g.,  Cttacea).  This  is,  however,  not  necessary  to  tlie 
history  of  evolution. 

That  an  increaHcd  amount  of  grade  growth  foro«  has  boen  constantly 
rendered  potential,  daring  the  advanoe  of  time  is  clear,  if  the  preoeding 
inferences  be  true.  It  is  also  evident  that  some  individuals  have  accu- 
molated  it  more  rapidly  thnn  others,  if  all  alike  origlnalod  from  the  sim- 
plest forms  known  to  us.  Multitudes  have  remMncd  in  the  eArlieit 
stages  iProWtoal  of  the  whole  series,  or  of  their  own  special  series  (ifn 
juia),  forming  "persistent  types;"  or  taken  directions  which  rendered 
them  incapable  of  expansion  beynnd  a  certain  point  without  eshaustion 
or  death  ;  for  example,  complicated  types,  as  Ammonilidm.  The  quadra- 
manous  animal  which  was  the  progenitor  of  man,  may  thus  t>e  b«liev«tl 
to  have  acquired  a  higher  capacity  of  this  accumulation  than  hiE  cotcm- 
poraries. 

Assuming  the  nucleated  cell  to  be  the  ultimate  element  of  organic 
tiuue,  there  are  two  types  of  life  in  whioh  grade  inilucnoe  has  not  ap- 
peared,  vii. :  unicellular  animals  and  plants,  anil  living  forms  composed 
of  homogeneous  protoplasm,  la  the  latter  neither  grade  inSuenoe  nor 
nnimat  growth  force  is  potential ;  in  the  former,  simple  giowth  force  only. 
It  is  therefore  apparent  that  grade  influence  has  been  developed  iu  Uie 
organism  itself;  perhaps  this  may  have  been,  in  the  plant,  throngh  the 
modified  influence  of  external  physical  causes  ;  in  the  animal,  if  our 
ductioni  Bs  to  use  and  effort  be  true,  under  the  inDuenoe  of  the  actlvitie* 
of  the  parent,  which  determined  a  structural  change  either  in  itself  or  in 
its  offspring.  The  possibilities  of  this  origin  are  considered  in  the  aext 
seoUon. 

.1,  The  Loi-atinn  "f  Groath  Forct  proceeds  under  tlie  direotioo  of  what 
Professor  Henry  calls  "  Vital  influence."  With  thlsauthor  I  discard  tlie 
line  of  the  term  "  Vital  Fonte,"  what  was  originally  iinduntlood  by  that 
term  lieing  a  complex  of  distinct  ideas.  The  rtMl/oTM*  arc  innrve  foroe) 
Nturitm,  (growth  foroo)  Balhmiiin,  and  (thought  force}  P\r»ni*tn,'    All 

•Tlif  nttjill""  •'  Pr"i1iIimtB«nuMl<iUii™»hl^ln»'"'i»''MlpillinnIt  amnr*.  ii  Ihaflliausbl 
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of  tlioM  Are  BuppOKBcl  to  be  corrolated  to  the  Fkyaical  Porcea,  but  ara 
uiidtir  direction  and  control  of  the  Vilal  prtac^le  whiob  locates  tlioii 
itctioD,  etc.,  just  as  molecular  or  aUrniic  eonttUution  dcterqiines  the 
localitji  and  character  of  the  pbjsical  forces.  The  laws  of  the  tital  prin- 
ciple and  of  atomic  constitution  also  detormioe  the  nature  of  the  conver- 
sion of  one  foi'ce  into  another.  Now,  siooe  physical  and  vital  furces  an 
<.'Ori«lal«d  and  convertible,  the  dose  relationiibip  of  the  two  controlling 
principles  becomes  obvious,  and  suggestive  of  their  identity. 

Ur.  Carpenter,  in  deacribing  the  correlation  of  ph; siual  and  vital  foroet, 
defines  tlie  dttterence  of  organic  speciee  to  be  similar  to  that  prevaiUuK 
between  dillerent  ofaemical  bodies  Tthe  latter  depending  on  dlQerenC  mo> 
iMular  and  atomic  canstiiution),  which  leads  them  "toAfAiir^dilTDrently" 
from  each  other  under  similar  circumetancos.  This  may  he  more  fully 
expressed  by  saying  that  different  speoleB  poasene  difl'ereut  capacities  for 
the  locution  of  the  conversion  of  the  physical  foroes  into  growth -force. 
A  "  d(»<*iit  with  moUifications ''  contemplated  by  a  process  of  evolution, 
BigniSiea  a  progtesrive  change  iii  this  capacity.  AcegUralion  means  an 
incraasv  in  this  uapiicity  ;  retardalton  a  iliminutlon  of  it.  Grade  ia/lutnet 
ingans  the  inlluence  which  baa  produced  this  change  of  capacity. 

Precisely  what  the  change  couHiit«  iu  is  a  mystery,  but  that  it  is  mat- 
erial in  its  character  is  rendered  more  pioUahle  tlie  more  we  examine  It. 
S.   The  OHffin  of  Qrade  InJIvf.itet. 

Living  protoplaam  can  convert  heat  and  nutriment  Into  growth 
force  Wltliout  the  agency  of  the  nervous  system.  This  is  proven  by  the 
uutrilion  of  the  Protaioa  and  Cirtenlerut^  and  from  experiments  on  the 
niBacles  of  frogs,  etc.  In  the  latter  case,  as  is  well  known,  the  nerve  may 
Iw  divided,  and  the  muscle  retain  its  sixe  if  a  current  of  electrioity  be 
pused  through  it,  thus  sustaining  the  nutrition.  As  the  presence  and 
•tructure  of  the  nervous  system  in  in  relation  to  the  specialiKation  of  aui- 
■nal  structure  in  other  nsspeots,  it  is  very  probable  that  tlie  nervous  system 
^  in  higher  animals  the  agent  of  the  lof.tition  of  growth  force.  In  the 
lowest  it  is  not  effected  by  any  iuch  means.  As  the  nervous  system  li 
tlte  iiiatrumeut  of  tlie  metaphysical  peculiarities  of  the  animal  (emotions, 
^Uoioe.  etc.),  wD  may  conclude  that  in  the  lower  animals,  location  of 
i;i-i}wtb  force  is  iulluenccd  by  neuessity  without  choice;  in  the  higher  by 
■Uicessity  with  choice. 

Tbe  Impnlsea  derived  (Vom  the  nervous  system,  it  is  known,  may  be 
(^rleic  or  automatic  in  consequenceof  application  of  stimuli  from  without. 
Tlicy  may  become  so  also,  after  having  been  originated  consciously  or  by 
fetJort  of  will,  tn  the  oa*«  of  habits,  frequent  exercise  of  choice  has  so  im- 
t>l'«a«e(t  the  nervous  syst«m  us  to  result  in  its  repetition  of  effort,  often  in 
^Sipaaitjon  to  changed  choice. 

TIm  induenoe  of  effort  in  muscular  action   on  the  nervous  system  ap- 
S>«an  to  bo,  Bnt,  to  enable  it  to  convert  heat  to  nerve  force,  and,  then,  to 
:|  norve  force  to  the  involuntary   muscles  or  those  controlling  clr- 
I,  where  it  is  converted  into  motion,   which  thus  controls  nulri- 
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tlon  througli  circulation,  Tbo  n«rvoas  system,  like  other*,  dewlop*  in 
capacity  wttli  use,  hence  probubly  nerve  tissue  converla  heat  Into  n«rre 
force  as  mufcuUr  tisane  convertH  beat  into  motion.  In  olh*r  wonU,  by 
repetition,  tlio  enpacity  of  the  nervgus  Bystnm  for  lliis  convcnrion  of  he*t 
IB  known  to  increase.  As  the  ninount  of  hent  converted  is  in  propnrtimi 
to  the  amount  of  appropriate  nerve  tissue  {see  above)  it  Is  ertdeut  Uiat 
use  and  effort  increa^  the  amount  of  nerve  tiMue. 

The  phenomena  of  thouglit  render  the  same  nodiAcation  of  stniotun 
probable.  G  (Toil  in  the  dii«(^lion  of  thought  is  aupposad  to  coavert  beat 
into  thought  foruo.  Inasmuoli  as  the  more  intelliB*iil  nnimals  powwwtha 
hijtheat  deTeto|>ment  of  cerebral  bemispberes,  it  is  highly  probablo  that 
brainaubstanoc  converts  heat  into  growth  force  also,  which  produoM  U«w» 
of  ill  own  Icind  preciwi;  as  muscle  does. 

Ae  ditferent  parts  of  the  nervous  ceutres.  subserve  different  parpCMS^ 
the  development  of  these  parts  must  proceed  appruzimatuly  under  the 
iuflueni'e  of  special  kinds  of  effort  iind  use.  Where,  as  in  the  adnlt.  heat 
is  oouver(«d  into  yrowth  force  in  the  tiwues  to  a  very  ltmit«d  estent,  If 
the  itbove  principles  he  true,  the  nonversiou  of  he&t  by  the  nervows  ayatwn 
into  nerve  growib  force  and  tissue,  is  on  the  other  band,  not  l«niilnate(L 

Capacity  for  effecting  conveniion  uf  furue  is  n-garded,  as  above  pointed 
out,  as  dependent  on  molecular  -constitution.  Hence  we  dinolude  that 
ohauge  In  that  capHuity  un  the  part  of  the  nervous  system  involved  a  mo- 
lecnlai  change  in  its  constitution. 

Now,  it  is  api>areut  that  If  the  nervous  centres  pitasessi'd  the  enlai^ged 
capacities  for  the  conversion  of  heat  into  nerve  forca  and  thus  of  cot>< 
Etantly  controlling  the  circulation  iu  s|>«ciul  directions,  in  a  groning  ut 
fcBtal  animal,  tissue  will  be  pixKiaeed  in  the  directions  in  ijueElion.  Fur 
the  heat  converted  iuto  motion  in  thv  adult  is  in  the  fuettts  in  large  p(ut 
converted  into  growth-foroe. 

Now,  we  know  pbyajcal  and  metu physical  jwuuliarltles  of  i>areut»  to  b* 
loheiited  by  offspring,  hence,  no  doubt,  the  nervous  structure  delemiaa- 
tive  of  growth  force  is  inliorited.  Tiiis  will  then  ootttrol  tlie  looalitiaB  of 
■peciol  conversion  of  heat,  etc.,  (from  tlie  mothei)  into  growth  fofce.  In 
accordauoe  with  tlie  sU'ucture  of  the  pai'eut,  and  the  more  dccidoiily,  u 
Its  own  inoreaae  irOKressoa. 

The  result  will  be  atceUralion,  or  oonitructioa  of  liisnes  and  organs  tn 
esccsaof  those  of  thn  parent,  if  the  airort  or  um  devoted  to  a  ncrT«  or 
organ  be  rapn-aeutud  in  the  nerve  eentro  of  the  parent  by  a  greater  araoant 
of  furoe-con verting  tissue,  than  \a  uvMMiary  when  luheritcd  iu  the  fugtas 
for  the  coustruoUon  (by  conversion;,  of  litsuos  and  organ!)  lik«  thoM  of 
the  parent. 

That  this  is  a  partial  ex|>lanatiun  of  iuhnrltanc«,  is  nsndured  probaiUa 
ftom  the  faotthat,tliotyiicsof  structure  presented  by  the  nervous centroii 
ex]ireu  Uie  grade  of  the  animalu  pussaasiug  Ibcm  &r  more  nearly  than 
tlitweof  any  other  organ  or  set  of  organs.  If  the  brain,  like  other  oiigaa^ 
develops  by  Intodigeni  use,  it  oannot  bo  doubted  that  this  relation  of  U* 
development  to  grade  Is  not  accidental,  but  that  grade  structuiv  Is  u  ex- 
pT«i«ioa  of  it*  oapacitioB,  phyucal  and  mental. 
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n  th«  TrantmtAiion  of  Grade  tnjlueme. 
w  torea  potential  in  nerve  Btracture  is  inberited  tbrougU  the  reprn- 
0  elements  itua  great  mystery.     The  following  conBideratiuus  rekle 
to  It 

!,  Bftcr*  ion  is  known  to  be  condueted  tlirougli  the  GoiiTersion  of  heat 
into  growth  force,  probably  through  the  iiilerventiou  of  nerve  force. 

3.  In  many  aecrctUms  which  possess  strong  cliemiaiLl  rjuulities,  bs  gas- 
tric Juice,  bile,  Baliva,  etc,  the  fluid  is  formed  by  a  destruction  of  the 
cells  repreMonting  the  efforts  of  growth  furue,  which  is  thorofore  do  doubt 
coQverteil  into  ohenitsm  or  chemical  farce. 

3.  In  the  spermatozouids,  which  are  prodaced  by  a  prooeiw  of  secr»- 
turn,  the  Mils  Are  not  destroyed,  and  thus  growth  force  rfiniaioB  potential ; 
Ibey  exhibit  however  lively  motions,  which  may  ropreitent  motive 
force  derived  from  the  nervous  centre. 

4.  While  in  conLict  witli  the  yolk  of  the  orum,  go  long  us  vitality 
ioats,  the  mution  mual  lie  eommanioiited  to  portions  with  wiiich  it  is  in 
ctiutaoU  (]rooQvert«d  into  one  of  the  foiyies  from  which  it  wae  derived 
f  Ikm)  or  into  another  force  (growth  forc-e).     The  growth  force  potentinl 

iu  the  cell  of  the  spermatosoi^id,  on  its  destruction,  becomes  converted 
ittlo  heat  or  other  force.  Thus  may  originate  the  growth  foi'ce  uf  tlje 
orum,  which,  once  comroenced,  iscoutiniied  through  the  [leriod  of  growtli. 
The  prooeas  might  be  compared  to  tlio  applii;atl"n  of  tire  to  a  pieoe  of 
'Wrood.    The  force  oouvereion  is  conimunioated  to  other  material  than  that 

Binllamed.  The  new  fuel  in  the  ua»e  of  tbe  embryo,  is  the  pru- 
■Di  derived  from  tbe  mother. 
V.  ON  IMTELLtoBST  BEI.RCTION. 
neither  use  nor  effort  uiin  be  aac^ribi-d  to  plants,  and  as  we  know 
«.DS(  LUeir  life  history  is  much  more  dependent  on  their  surroundings, 
^ban  i«  that  of  animals,  we  naturally  look  to  the  physical  and  chemical 
vsauaea  as  having  a  prime  influence  in  the  origination  of  their  type  strue- 
<:^rea.  Without  greater  familiarity  witli  the  subject,  I  will  not  attempt 
%M  eay  bow  far  the  various  degrees  of  growth  force  possessed  by  parent 
X>litl<tSt  located  under  the  influence  of  meteoric  and  other  surrounding*, 
and  prewirved,  destroyed  or  restricted  by  natural  selection,  may  account 
Vor  the  characters  of  their  successorfl  of  the  present  period.  But  other 
ngeDcies  similar  to  use,  that  is,  automatic  moiementH,  may  be  also  intro. 
vluced  as  an  element  In  the  argument.  The  movements  of  tendrilx  seek- 
&tig  for  support  may  be  here  considered,  and  ah  Dr.  Asa  Gray  has  |)o1nted 
^DUt,  have  consequences  similar  to  those  of  use  i 
^ril  aeiaes  a  support,  growth  force  ia  locatccl  a 
UiB  tendril  increases  consideiitbly  in  thick  uess. 

Among  animals  of  the  lowc^st  grade,  movement  must  be  qui(«  similar 
ta  tJioaw  of  plants,  or  automatic  from  tho  start,  and  not  even  at  the  be- 
;  under  the  influence  of  will.     Evidence  of  will  Ls,  however,  soon 
It  determinate  movemenla  of  many  of  the  Protoxoa  in  the  seliv- 
— TOL.   XII.— S(t. 


n  animals.    When  the  ten- 
,1  the  iwint  of  contact,  for 
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ing  of  food.  With  mil  iiecoasarily  appears  k  power  of  ehoiet,  liowevar 
limited  iu  iU  lowest  exhibiticins  ^3  tlie  lack  of  siigKestive  metApbyElctd 
qualilies,  or  the  fonneas  of  altemaliveB  uf  aotioa  presented  by  Hurronnd- 
iiiK  circumstauccs,  to  animals  of  low  and  aimi'le  orgiiDiam.  Wb  can, 
however,  believe  that  the  pretiance  of  greater  or  less  number  of  external 
fa^ilitiei  for  action,  cbaracl^rizc  dilTcrent  situations  on  the  eartli'a  kiu'- 
face,  as  well  as  that  greikler  and  less  iiietaplifsieal  uHpiujity  for  penwHioK 
ani)  taking  advantage  uf  them,  niusl;  exist  in  diOTerent  iudivldaals  of 
every  species  of  animal,  however  low,  which  poBsosHoa  ooiisciousneEis  wid 
will.  These  qualities  will,  of  course,  inlluenco  elTort  and  lun  to  tha  od- 
VHDlago  of  the  animal,  or  tlie  reverse, 

KITort  and  use  have  very  variouH  immediate  stimuli  to  their  extrtlon. 

Use  of  a  pan  liy  an  animal  is  either  coaipulsory  or  optional.  In  vUbW' 
case,  tlie  nse  may  he  followed  by  an  increase  of  nutrition  under  tho  tnfli^ 
ence  of  rellex  action  or  of  direct  volition. 

A  compulsory  use  would  naturally  ocuur  in  new  sitaatioaH  which  tftks 
place  apart  from  tlio  oontral  of  the  animal,  where  no  altniiiHtives  nra  pi«i 
Kented.  Such  a  case  would  arise  iu  a  submergence  of  land  where  land' 
animals  might  bo  imprisoned  on  an  Uland  or  in  swamps  suiTOundadbj 
water,  amd  oomyelled  to  asBum«  a  more  or  less  aquatic  life.  Another 
which  has  also  probably  often  occuri'ed,  would  bo  wlien  the  cnemiiMOf  II 
species  should  so  increase  as  to  oompel  a  Lirge  nuwlier  of  the  latter  ta 
combat  wlio  had  previousl)'  escaped  it. 

In  these  cases,  the  structure  produced  would  be  neceBsarilj  adaptiVB, 
But  the  effect  would  sometimes  be  to  destroy  or  injure  the  animals  (retaHl 
i)  thus  brought  into  new  sltuatiimH  and  ui'wpelled  to  an  additional 
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struggle  for  existerioe,  as  has,  no  doubt,  beer 
history. 

Direct  compulsion  would  aleo  exist  where  alternatives  should  be 
sented  by  nature,  but  of  which  the  animal  would  not  be  suffioieutly 
ligent  to  talte  advanta^^e. 

Most  situations  in  the  struggle  for  existence,  afford  allemativeii 
ihe  most  intelligent  individuals  of  a  species  will  take  advantage  of  U 
most  bcneScial.     Neveiiheless,  it  is  scarcely  couceivahle  tliat  any 
or  increase  of  effort,  or  use,  oould  take  pinoe  apart  from  compiiliilun 
rived  from  the  rchvtion  of  external  circumstinces,  as  n 


Preservation,  with  modiflcations,   would  most  pmbnlily  ensiM  wbifi 
change  of  stiuiiilus  should  occur  gradually,  tliougb  uliuuge  of  atrvi 
might  ooaur  abmptly,  under  the  law  of  txpTtnitn  poinU."  ^ 

Choice  is  influence  not  only  by  (utttUgtHa,  but  by  the  I'mapfnat^A  ta^ 
by  the  eraolion*. 

lutolllj^nce  is  a  conservativa  principle,  and  always  will  difeottffnrt  stM 
use  into  lines  which  will  be  henoUcial  to  its  possessor.  Hero  wc  haie  tlM 
source  of  the  fittest— >',  «.,  tiiliJition  of  parte  by  iuorease  and  location  m 
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growtli  force,  directed  bj  the  will — the  will  beiug  nniJer  the  iiiRuenoe  of 
TArionn  kinds  of  compuMon  in  the  lower,  and  intelligent  optiun  anong 
higher  animnlH. 

Thiu,  intelligent  oboioe  takinz  advnntnge  of  tlie  suooossive  evolatiun  of 
physii»1  coDditionx,  ma;  be  regarded  &s  tbe  originatnr  of  thti  fitteil,  while 
natural  aelei^Mon  In  the  tribunal  to  which  all  tbe  results  of  aucelerated 
jTowth  are  submitted.  This  preserves  or  destroys  them,  and  determine* 
the  new  points  of  departure  on  whidi  accelerated  growth  sLall  build. 

Tbe  influences  locating  growth  force,  may  be  tabubited  as  follows  : 


Bicition. 


I.fm 


AnlninlN«lt>icl<^  i 


man  liHcmgenM'''  \  "  "  "         "  '    ""*"'iie"t  cl'nioe. 

Aa  eiamples  of  intelligent  selection,  theniodifloci  organisms  of  tbe  va- 
rietie*  of  bees  and  aut«  must  be  regarded  as  striking  oaRes.  Dad  all  in 
Uio  hive  or  hill  been  modiHed  alike,  all  soldiers,  neuieri),  etc.,  the  origin  of 
the  HtractureM  might  have  been  thought  to  be  compulsory ;  bat  varied 
and  adapted  us  the  different  forms  are  to  the  wants  of  a  community,  the 
influonoe  of  intelligence  is  too  obvious  to  be  denied.  Tbe  structural  re- 
snlts  are  obtained  in  this  case  by  a.  shorter  I'oad  than  by  iuberitanco. 

The  selection  of  food  offers  an  opportunity  for  the  exercise  of  intelli- 
SeDoe,  and  the  iidoption  of  means  for  obtaining  it,  still  greater  ones.  It 
is  here  tliat  intelligent  seleution  proves  its  supremacy  ai  a  guide  of  use, 
and  conseiiuently  of  structure,  to  all  the  other  agencies  hero  proposed. 
The  preference  for  vegetable  or  for  animal  food  determined  by  the  choice 
of  Individ unl  animals  among  the  omnivores,  which  wero,  no  doubt,  ac- 
cording to  the  paljoontological  record  the  predecessors  of  our  herbivorei, 
And  perhaps  of  carnivores  also,  must  have  determined  their  courxe  of  life 
and  thns  all  their  parts,  into  those  totally  distinct  directions.  The  choice 
of  food  under  ground,  on  the  ground,  or  in  tlie  trees  would  uecessaiily 
direct  the  uses  of  orgnuH  in  the  appropriate  directions-  res|iectively. 

In  the  selection  of  means  of  defence  a.  minor  range  of  choice  is  pre- 
<eDied.  Tlie  choice  must  be  limited  to  the  highest  capabilities  of  tbe  ani- 
Ota),  sinoe  In  defence,  these  will,  asageueral  thing,  be  put  foith.  This 
*fll,  liowover.  not  be  nseeuaarily  the  case,  but  will  depend  in  some  meas- 
Ura  OD  the  iutelligenoe  of  the  animal,  bs  we  readily  observe  In  tbe  oase 
eetioated  niiecies, 
le  COM  of  the  rattlesnake,  already  cited,  the  habit  of  rapid  vibri- 
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tion  urtUe  Uil,  appears  to  me  U>  be  tiio  result  or  choioe,  uml  not  of  < 
pulsion.  For  tlm  cgbiii,  of  India,  for  the  same  purpose,  eip&ndi  the  an- 
terior ribs,  formiag  a  hood,  irhicli  is  a  very  different  fanbit.  Hera  sit*  two 
alternatives,  tiam  vliich  choice  might  be  mmle,  and  violent  hunng  U  » 
third,  which  the  Bpecles  of  the  coliibrine  genus  Pilyopht*,  hnvesulopted  to 
some  purpose.  As  to  the  benoHt  of  the  rattle,  it  no  doubt  protvcta  the 
animnl  from  all  foes  other  than  man  ;  hut  i«  nthcr  a  diKadvantnice  lu 
gards  the  latter,  being  by  a  beautiful  turn  of  events  a  protection  to  Uie 
higher  animal. 

On  tbe  principal  of  natural  Belection  it  might  be  suppowd  that  tbe 
harmless  snakes  which  imitate  tlie  Crotalus  for  the  sake  of  defence  w 
preserved  ;  but  if  tbe  above  explanation  of  the  ori^cln  of  ibe  habit  iti  the 
latter  be  tnie,  tbe  second  explanation  is  not  valid. 

Tbe  power  of  metacbroBic,  or  of  changing  tbe  color  at  will,  \iy  lh»  «i 
pnosion  under  nerve  inlliieDce  of  special  pigment  iwUr,  exists  in  most 
BeptUia,  Salrachia  and  Hsbes.    It  is  then  easy  to  believe  tliaifre"  choice 
should,  under  certain  circumstances,  so  habitually  avoid  one  or  anothor 
color  as  to  result  Anally  in  a  loss  of  the  power  to  produoe  it. 

Thus,  it  appears  to  be  a  fact,  that  not  only  an  species  of  flsbes  wbioh 
dwell  in  the  mud,  of  darker  liucis  tliau  those  that  iufaabit  vlear  wat^r,  but 
that  individuals  of  the  name  species  differ  in  a  similar  maunvr  in  reUtioo 
to  their  habitats,  those  that  lire  in  impure  or  muddy  waters  having 
darker  tints  than  tbuie  of  clear  atreams. 

Land  animals  preaeiit  eiiually  abundant  and  remarkable  imitation*  of 
the  objects  or  subtitanoes  on  which  they  live.  Tbin  is  well  known  ii 
sects  and  spiders,  which  look  like  sticks  or  leaves,  oi  the  Howsts  on  which 
thoy  feed.  It  is  seen  in  reptiles,  which  in  very  many  cases  oau  roluutarily 
Bssnme  the  hue  of  leaf,  stone  or  bark,  or  have  oonstantly  the  gray  color 
of  their  native  desert  sands. 

These  oases  are  largely  Belectiv«  or  optional  in  their  origin,  for  (honi|h 
metaahroaiB  is  aUu  iiidui;t>d  by  some  external  stimulus,  aK  an  enemy  oi 
food  animal,  yet  other  means  of  escapiug  the  one  and  procuring  the  otlier, 
are  generally  opon- 

Thew)  facts  pave  the  way  for  a  consideration  of  the  t>licnom4>non  of 
mimetic  analogy  which,  though  vrell  known  lu  uHturaliais,  may  be  illn*- 
tratcd  by  tbe  following  now  facta  : 

On  the  plaiDH  of  Kiinsaa,  tliero  la  a  species  of  Mutllla,  whoiw  abdomsu 
and  thorax  are  colored  ORbraoeotis  or  brown-yellow,  above.  A  spidar  of 
tlie  genUN  Soltieuf  is  ciiially  abundant,  autl  is  alinont  precisely  similkr  in 
the  color  of  the  tipper  atirfacvs,  ilo  much  so  oh  to  dcocive  any  bat  a  n 
careful  observer.  The  MulllU  being  a  wcti  armed  iiiwct,  and  a  tw 
■tlngcr,  there  can  be  no  doubt  that  tlia  Nattieu*  derives  oousidcrablo  im* 
munity  from  enemies  from  its  i-eaetnblanoe. 

On  tbe  same  phiina,  the  Vauduona  eonllitir-la,  or  prairie  raltlMnalra 
abounds.  It  is  an  olive  grey,  with  a  ferlea  of  tracsverse  brown  donral 
spots,  and  two  rows  of  smallui  l.itcnil  otiM.    The  licai,!  onbibtia  a  a 
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ber  of  bTonu  and  white  traitds.  The  prairie  BiUrodon,  (H.  natteat)  pos- 
wasea  not  oa\j  the  name  tints  but  the  same  pattern  of  coloration,  and  at  k 
abort  dlBlaiice  csnnot  be  distiDgui^hed  from  it. 

In  oonsoquence,  us  one  nin;  justly  sny,  tbis  species  is,  with  the  tattle^ 
»tiHke,  the  most  common  serpent  of  the  pliiius,  aa  it  sbarea,  no  doitbt,  in 
the  protection  nhich  the  armature  of  the  C'uuditotta  gives  its  possessor. 
This  is  in  accordaoce  with  the  views  of  Wallace  and  Bateo. 

A  curious  ease  occurred  to  me  in  four  Kpecies  of  fisbeB,  which  I  took  in 
a  small  tributai;  of  the  Yadkin  River,  in  Itoaoe  County,  N,  C,  Among 
Ke»eral  otbew.  thei-e  were  varieties  of  the  widely  distributed  species 
Chatnobnjtlm  gitlH,  IlgpHUpu  anainiUtnut  and  Ptyshmiomvi  pidieruU, 
foach  represeuling  a  different  femily  i,  which  differ  from  the  typical  form 
of  each  in  tiie  same  maDner,  viz  :  in  having  the  back  and  upper  part  of 
the  sides  with  tunjptudina]  black  lines,  pi'oduced  by  a  line  along  tbe  mid- 
ill*  of  each  scnle.  This  pcculiaiity  I  have  not  observed  in  these  species 
friin)  anj-  other  locaUty.  ITiitil  I  had  examined  them  I  thought  them  new 
•p»cies. 

«  onlf  other  species  presenting  such  marking  in  the  Yadkin  River, 
I  large  perch,  the  R'/eeiit  lineatut.  Ascording  to  the  theory  of 
nl  selection  a  tesemblnnce  to  this  we\l  armed  spedaH  might  be  of  ad- 
>  tbe  mnoli  weaker  species  iii  question  ;  yet  the  same  species 
■xiMin  other  rivers  without  preseutiug  tbe  sumo  miiniury. 
k  is  difficult  uot  to  Lirgo  the  importance  of  the  causes  already  regarded 
M  origination  of  structure,  in  the  present  branch  of  the 
*abjecl  also.  We  are  especially  disposed  to  call  in  use  and  effort  here, 
■'(ter  notiaiiig  how  much  more  distinctly  change  of  color  is  under  the  con- 
trol of  tlieauioial,  than  change  of  shape.  It  must,  however,  lie  borne  in 
*bit>d  that  similar  resemblances  exist  among  plants  ;  though,  as  Prof, 
X^yar  shows,  a  large  majority  of  these  e:ises  occur  in  species  of  different 
loml  rwgions.  Thus  in  this  case,  as  in  those  of  stniclure  already  cited, 
^%'e  Appeal  ilriit  to  physical  laws  in  the  lowest  beings,  but  with  the  in- 
<&rnn«ing  interference  of  use,  effort  aud  intelllgenoe,  as  we  rise  in  the 
^t^jiVe.  Thus  it  is  that  in  the  Vertebrates  t;eneraUy,  the  mimetic  resem- 
Vklonces  a['e  found  in  species  of  the  mine  region,  where  only  an  intelligent 
«>r  emotional  agency  cnuld  he  illuatrated.  If  among  animalit  as  low  as 
^^DtUrtlies  tlia  liidtience  of  intelligence  be  denied,  that  of  admimtiou  for 
'%^ho  be«uiy.  or  fear  of  the  armature,  of  tbe  predominant  species  imitated, 
"^woHld  appeiir  to  be  snlB^ient  to  account  for  the  result.  Admiration  and 
C^»r  atv  possessed  by  animals  of  very  low  organization,  and  with  tbe  in- 
^itiuctsut' hunger  and  reproduction,  constitute  the  most  intense  inetaphysi- 
«=al  conditions  of  whiuh  they  are  capabl-e.  But  our  knowletlge  of  this 
raaob  of  the  subject  is  less  than  it  ought  to  be,  for  animals  possess  many 
U  attributes  (or  which  they  get  little  credit, 
-pears  to  bo  impossible  to  account  for  Ibe  highest  illustratioua  of 
C  analogy  in  any  other  way,  the  nupposilion  of  Wallace  that  snob 
B  muht  ho  sponliinfously  produced,  and  lliou  preserved  by  natural 
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selectioD,  being  no  explAtifttion.  It  hu  been  nhown  b;  Benmtt  thuC  thit 
chances  of  such  modification  aming  out  of  tlve  mitny  pnnnibilUiiSB  are  ex- 
ceedingl^r  ematl. 

If  the  above  pOBitiona  be  true,  wn  Iwve  here  also  the  theory  ol  (h« 
deTelopment  of  intellieeace  and  of  other  metaphysical  ti-aits.  In  accord- 
ance with  it,  each  trait  appropriates  from  the  mnterial  world  the  meana 
uf  peri>etuating  ita  exhibitions  by  oonstructing  its  instruments.  Tb«Jie 
react  b;  furnishing  increased  meane  of  exeraise  of  these  qualities,  which 
have  thus  grown  to  their  full  expresNinn  in  man. 
CniTlQCK. 

1.  On  thr  pr»<-Ming  »uiig. — There  will  probably  be  found  to  be  consid- 
erable resemblanue  and  coinaideuc«  between  the  theory  of  Dse  and  BfTort, 
and  tlie  I.aninrckian  view  of  Development.  The  writer  has  never  mA 
Lamitrck  in  French,  nor  seen  a  statemeutof  his  theory  in  English,  excepc 
the  very  slight  notices  in  the  Origin  of  Species  and  Chambers'  Bnejrclv 
pwdia,  the  latter  subsequent  to  the  first  reading  of  this  pnper. 

Darwin's  only  speculations  as  to  the  origin  of  new  structures  which  afs 
contamed  in  his  "  Origin  of  Species  "  (Ed.,  1900),  so  far  as  I  can  And, 
occur  in  the  first  and  fifth  chapters.  In  the  first  be  says,  discuMkug  Uie 
variability  of  domesticated  animals  and  plants,  "  I  think  we  are  driven 
to  conclude  that  tbia  greater  variability  is  simply  duo  to  our  domeatjc 
productionn  having  been  raised  under  oonditions  of  life  not  so  uniform  im, 
and  somewhat  diQcrent  fiom,  those  to  which  the  jiarent  s)>ecies  hare 
been  exposed  under  nature.  There  is  also,  I  think,  some  probability  ia 
the  view  propounded  by  Andrew  Cnight  that  this  variability  miy  b« 
partly  connected  with  excess  of  food.  •  •  •  But  1  am  strongly  ia- 
cliiied  to  suspect  that  the  moat  frequent  eause  of  variability  may  be  at- 
tributed to  the  male  and  female  repixKluotivo  elements  having  been 
ivffocted  prior  to  the  act  of  conception.  "  •  Nothing  is  more  eaay  than 
to  tame  an  animal,  and  few  things  more  difficult  than  to  get  il  to  breed 
freely  under  uonSuement,  even  in  the  many  cases  where  the  male  and 
female  unite,"  etc.  Chapter  V.  repeats  similar  propositions  but  stataa 
that  theeffect  of  climate  he  believes  to  bo  small,  but  rathiir  greater  in 
plants  tlian  animala. 

The  view  as  to  the  impreESibility  of  the  reproductive  ebment  ii  taken 
up  by  Hivtut,  but  the  aultject  remains  In  the  chaos  of  uunhaped  by- 
pothese«. 

2.  On  tht  Origin  tf  Genera. — The  memoir  iasuod  by  the  writer  under 
the  above  name  was  chiefly  devoted  to  the  demountr&tloa  of  the  law  nf 
Acceleration  and  Returdation.  A  small  portion  was  dcvoteil  to  ffoograti^. 
ical  and  geological  relations.  It  remains  to  correct  two  errors  in  tba 
former  portion  of  the  hook. 

(1).  It  is  there  stated  (p.  5)  that  the  Law  of  Natural  Seleetion  of  Dar- 
win is  8.8  follows:  "That  the  will  oT  the  animal  applied  to  iti  body  In  tlis 
seirrh  for  means  of  subsistence  and  protection  from  Stijui^ics,  irndtmlly 

oducos  thtM   features  whioh    Am  avldoutly  adaptive  In  their  mttUT*. 
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Ttmt  ID  M)dUtoii,  a.  (lispositian  toagenenil  Tuiation,  an  the  pi"t  °f  ^^ 
sjiociM,  lias  bf  en  met  b«  the  greater  or  less  adaptation  of  lli«  resulla  of 
Buch  variation  to  the  varying  necessities  of  theii'  resi)ective  situnliona. 
Tli.li  the  result  of  such  conflict  has  l>een  tie  extinoiiou  of  Ihwe  types 
that  »r«  not  adapted  to  their  immediate  or  ohan^[ed  condiliona  and  the 
pi«e>rrRtion  of  those  that  are/' 

It  IB  annecessary  to  state  that  the  flrat  nenleni^  of  the  above  duc«  not 
exjireas  the  theory  of  Darwin  in  any  part  or  parlioalU',  while  the  two  fol- 
lowing do. 

Farther,  it  is  stated  (same  pase),  "  What  we  propose  is,  that  of  [gen- 
eric oUaraoters)  compamtively  rery  l^w,  in  the  whole  mnge  of  ADinials 
and  plants,  are  ii4tiplationt  to  external  needs  of  force*,  anil  that  of  epeoifio 
diaracters  a  hirge  proportion  is  of  the  same  kind.  How,  tlicn,  roiild 
tbey  owe  tlieir  existeut^e  lo  a  process  re^-ulaled  by  adaptation?"  Below, 
it  Is  agaiii  said,  "  that  while  Natural  SolcetioD  a<ita  by  the  '  ptoservation 
pftbe  HtteBt,'  Acceleration  and  Ketardation  aet  without  any  reference  to 
fitness  at  all;  that  instead  of  being  controlled  by  fitness  it  is  the  controller 
of  fllnesB."' 

Thus,  from  the  existence  of  Urge  numberaof  non-adaptive  chamcters  I 
was  induced  lo  believe  that  an  antagonism  existed  between  Iho  two  laws. 
The  present  essay  shews  this  to  have  been  an  error,  and  that  by  reeon- 
viliag  them,  they  bctcome  oo(irdiuat«  factors  in  producing  the  result. 
Tbas  "  Acceleiatiou  and  Ketardation  "  is  the  "controller  of  fitness," 
because  all  adaptive  structures  are  produced  in  accordance  witb  it,  and 
in  no  other  way.  The  law  of  Intelligent  Selection  also  prescribing  lilness, 
remove*  it  tmin  the  domain  of  physical  or  material  necessity  implied  by 
Darwin's  law  of  "Suivival  of  the  fittest."  Adaptation  therefore  is 
the  guide  of  change,  though  not  the  mechanically  produced  adaptation 
implied  by  uDturnl  selection.  The  disturbance  of  the  balance  of  forces 
prtHliiccd  under  its  influence,  leaves  graath  font  to  create  primarily,  the 
great  number  of  nnadaptive  characters,  whicli  are  simply  u  afinUhtd  nditp- 
t  ones,  and  secondarily,  otbere  occasioned  by  excess  or  loss  of  force 
j^dUEereDt  directions. 

»  reoouulilition  of  these  laws  and  their  complementary   relations 
■  perceived  before  the  essay  was  completed,  see  in  the  recaijitulation. 

I.  11..  p.  70. 
I.)  Under  the  head  of  Heterology  (p.  G5|,  a  number  of  groups  are  in- 
Hioed  as  "Homologous"  (as defined 
Bi).    Borne  of  these  1  believe  to  be 
y  of  this  cbaract«r,  but  some  otliers 
I  probably  not   so   related,    but  are 
bIj  series  of  genera  presenting  slmi- 
t  itrnolural    ]»eciiliftrilics    as    consc- 
I  of  the  i>peration   of  identical 
I  would  jilace  under  this  bead, 
iritbdraw  from  the homoiugdus  class,  Fig.  13.   (Beep.iU3.) 

Ifinuillts  of  Laeertilia  Lejitoghua,  Diptogloaa  and   Typhlophthalml, 
•  of  the  Old  and  I?ew  World  Quairamana  and  those  of  Cephalopoda. 
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Catalogue  of  the  pYTHONOMORi*nA  found  in  the  (Jretaceoui  Strata  of 

Kansat, 

By  E.  D.  Cope. 

{Read  before  the  American  Philosophical  Society^  December  Vlth^  1871.) 

The  following  brief  review  is  prepared  in  consequence  of  tlie  acquiBition 
by  the  author  of  a  considerable  accession  of  material  from  the  chalk  of 
Western  Kansas.  Attention  is  coutined  to  one  order  of  Reptiles  at  pres- 
ent, owing  to  its  predominant  imixortance  in  the  vertebrate  faana  of 
that  time  and  place,  as  is  indicated  by  the  great  profusion  of  individnal 
remains  and  speciiic  forms.  Although  occurring  in  America  wherever 
the  Cretaceous  formation  appears,  they  are  so  far,  more  numerously  rep- 
resented in  Kansas  than  elsewhere.  Though  not  rare  in  New  Jersey, 
crocodiles  and  tortoises  outnumber  them;  but  in  Kansas,  all  other  orders 
are  subordinate  to  the  Pythonomorpha,  As  is  now  well  known  since  1868* 
the  seas  of  the  American  continent  were  the  home  of  this  order,  while 
they  were  comparatively  rare  in  those  of  Europe.  In  the  latter  country 
we  have  four  species  only  determined  by  palaeontologists,  viz  : 

Mosasaurus 2 

Liodon 1 

?  Saurospondylus 1 

In  North  America  the  species  have  been  exactly  determined  from  three 
regions,  as  follows  : 

Green  t^and  of  New  Jersey, 

Mosasaurus 0 

l^aptosaurus 3 

Clidastes 3 

Liodon 4 

(?  iDiplotomodon 1 

15 

Roit4'n  Limestone,  Alabama. 

Mosasaurus 1 

Ilolcodus 1 

Liodon 8 

Clidastes 3 

7 
Chalk  of  Kansas. 

Clidastes 8 

EdestosiiuruN 4 

IIolco<lus 4 

Liodon 0 


•  See  Trai»«iotlons  Ainer.  Phllo.  Roc.  Vol.  XIV. 

(7o  be  continued  in  Xo.  SS,) 
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^^^m-  ASMM*  I. 

^^^H  ATf»iatou,c.v 

^^^B    A>lnim,J.n. 

^^^H    lHah».  <t  » 

^^^H    Buhe,  fmalln 

I'-Tt.a. 

.ywr's.-i.i'. 

^^^H    BbIMC'.H. 

i)miui>i.&  r. 

J;ilHM,  J.  P. 

^^^H    RMnl,8.  P. 

iiuranil,  B. 

^^^H    IteiKlur,  0 

I>n»ey.R 

JwJuon,  U,  M-  8. 

^^^H    l)«rn<ts.Alliart 

EIVIJ11.A.  t. 

.UB-<r,  li. 

iw.|.|..ii->i.titr,<iv^^^^H 

^^^^H    lkiut'r4TI.JuIin 

Kmnn-m,  11. 

Kcbuti,  V-  m^^^^^H 

^^^H   itMuwrt.<;«>. 

IiIlfte,J.  r 

^^^H    BiBi:1ou'..Ucnb 

Kti)r"H,  IC 

.[iilkxi,  SI. 

»>Mll«,.  <'-9^^^^^| 

^^^H    ItiKiiiv  ll»n» 

P»r»<l»t.  U. 

K.'i.rta(i,  H.  11. 

Bburt,  II.  VU^^^^H 

^^^B    in(iokiKii.r.T.  K. 

FTinmm,  J.  W. 

iillrftM.  H-. 

snufilnB,  BiJ^^^^H 

^^^H    iut.uii)0(,(). 

FluKI.  11.  W. 

KoiiUK'k.  1..  >te 

RbuHUd.  4^^^^H 

^^^H    Unirifj.  u.  w. 

Kwilke.  W.  1'. 

Kui-ner.  A. 

KohlntKC  ^^^^^H 

^^^H    lUldcM.  lUilwrt 

rex.  H.  yr. 

1.™.  L 

Haul!  tK  ri^.  U^^^^^^^H 

^^^1    B>nni.,A. 

KMlfv.  l^L 

1*«.  T.  J. 

^^^B  imitic8.n. 

(Yantitu,  a 

^■Li.,ii[r.J.  L. 

^^^H    itruin.a-l. 

fi*niii,  F-  A. 

f>«,|„.-,',.ni,  1.. 

^^^1     Km-t..  Iffuii.  nm 

tiiiuU.A.A. 

Lw1.T,  Jul. 

^^^H    Undulle.  A  .ID 

t;nti«ni,J.  n. 

l™il-j.,i.  r. 

^^^^H  Vtnau.j'-A 

c:  ivy,  Am 

luilUiil  IV.  K 

^^^m   Cirar.H.il 

0r«9».»D. 

^^^V   CMmBoKA. 

atMa,F. 

LoiiR.  H,  n. 

^^^B    chMn,!-.  B. 

Hart!»un,  J. 
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We  have  additional  species  from 

Can>liua  (Mosasaurtu) ....."..-. 1 

Hissiasippi  (Platecarpus) 1 

Nebraska  (MusasAiirus) 1 

making  with  the  otliers  fVtim 

,  XtviJeiaey 18 

fcLijM.*,^ 7 

EteT. -^ ^ 17 

^Atot»Iof 42 

f  these  I  am  out  acquainted  with  any  which  extends  its  nmge  into 
f  two  of  the  areas  above  named,  while  some  of  the  diatricls  posseae 
it  genera.    U  is  nevertbclcss  premature  to  draw  any  conclusions  m 
raphical  ran^,  aa  most  of  the  species  are  koowu  from  but  few 
leneaByet. 

t)  genera  have  recently  been  discoveitHl  in  Kiu^pe,  which  have  been 
it  to  be  allied,  or  belong,  to  this  oi'der.  One  of  these,  Aerodon- 
m  Hulke,  reata  ou  tlio  anterior  portion  uf  a  maxillary  bone  with 
It  of  premaxillary  and  t«eth.  These  portions  are  indecisive  aa  to  its 
It  is  from  tbti  English  Chalk.  The  second  form  is  the  Haiiu- 
i»  of  Buozcl,  which  its  de«cribcr  refers  to  the  neigbborhood  of 
iT^f.  It  is  i|uite  plain  after  mi  inspeotiou  of  his  descriplion  anit 
^  that  it  liaa  no  affinity  to  that  genus  or  to  the  order  Pythonovtur- 
is  from  Neue  Welt,  from  the  Urotaceous,  near  Vienna. 
e  present  luveatigatioiia  have  added  some  poiuta  of  im^Kirtance  i<> 
IP  liistury  of  the  atructure  of  the  ordec. 

'  o  the  pleiygoid  bouea.     It  appears  that  these  elements  are 

B  plates,  liaving  a  fiiM  laminar  termiiiatton,  and  are  entii«ly  toothlei>s. 

y  articulaU)  with  tlie  palatines  by  a  process  which  tits  their  posterior 

iuatiou.    In  Edcstotaiiriia  tortor,  they  ai'e  about  half  the  leugtli  of 

bpalatiuea.    Tliey  present  no  indications  of  ectopteryKoid.    The  bones 

!  by  auttiora  pterygoids,  in  imitation  of  Cuvjer,  iire  elongate  pala- 

I,  and  the  external  process  exteudiug  to  the  maxUlaiies,  ii^that  seen 

vVkntni,  serpents,  etc.,  and  is  at  no  time  diatiiiut  from  the  palatines. 

IS  aUo  shown  that  the  auppoaition  of  Ooldfussand  myaelf,  thatthe 

iKtinea  of  MomiiHiraf  were  in  contact  on  the  median  line,  is  an  error. 

dthot  tbeyare  more  or  less  vertical  plates,  as  in  Liodon.     The  dis- 

1  between  these  genera,  then,  rests  on  the  coOsaifi cation  of  the 

B  bones  in  tlie  former,  and  tbeii'  permanent  independence  in  the 

rr ;  perhapa  the  diRcrence  in  the  form  of  the  teeth  may  also  count  fur 

hing. 

I,  as  lo  the  purieto-squamoaal  arch,  which  is  distinctly  developed 
Botec^U*  iekrieua  and  Liodon  eurtii-ontrii  in  its  parietal  part  and  if, 
\aiit  in  the  squamosal   part.     It  was  (|Uit«  strong  in  the  siiecieit 

I,  u  to  the  pelvis.    This  part,  which  has  been  obsciTed  by  JInrsh 
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in  Edestosaurus  dispar^  is  usually  perfect  in  Liodon  dytpelor.  The 
pubes  are  the  only  elements  united  below,  forming  a  weak  support  to  the 
abdomen.  The  ilia  are  slender,  not  united  with  vertebral  procemes  above, 
or  without  indications  of  such  contact.  The  ischia  are  the  most  slender 
and  directed  backwards. 

Fourthly,  in  the  hind  limb.  The  femur  of  L.  erauartui  has  been 
described  by  the  writer,  and  Professor  Marsh  asserts  its  existence  in  Lio- 
don,  Clidastes  and  Edestosaurus.  The  present  collection  exhibits  both 
femur,  tibia  and  fibula  of  L.  dyspelar,  and  these  elements  are  now  first 
described.  The  first  mentioned  is  not  larger,  sometimes  smaller  than  the 
humerus,  aud  has  a  prominent  trochanter,  nearly  connected  with  the 
head.  The  shaft  is  not  curved,  aud  the  distal  end  is  expanded.  The 
tibia  is  a  narrow  bone  expanded  at  both  ends,  the  fibula  is  like  that  of 
Plesioaaurus,  but  wider,  or  partly  discoid.  It  has  been  known  to  natural- 
ists but  not  determined.  Thus  I  figured  it  for  Liodon  laevis,*  and  Leidy 
figured  it  for  an  upper  Missouri  species. f 

CLIDASTES,  Cope. 

Proc.  Acad.  Xat.  Sci.,  Phila.  1868,  p.  233.  Trans.  Amer.  Philos.  Soc. 
1870,  211. 

VcrtebrsB  with  the  zygosphen  ailiculatiou.  [Palatine  bones  fiat  and 
alatc,  the  teeth  not  exposed  at  their  bases  unequally.  This  point  has  not 
been  observed  in  the  type  species,  C  iguanavtcs.'] 

Clidastks  cikeiuakum.  Cope. 

Proc.  Amer.  Philos.  Soc,  1870,  583. 

Several  individuals  from  dificrent  points  near  the  Smoky  Hill  River, 
Kansas. 
The  largest  species. 

Clidastes  ytmanii.  Marsh. 

Amer.  Jour.  Sci.  Arts,  June,  1871. 

From  two  individuals  from  the  Smoky  Hill  River  and  its  North  Fork. 

A  small  species. 

Clidastes  pumilus.  Marsh,  1.  c. 

From  one  individual  from  the  Smoky  Hill  River. 
The  smallest  known  Mosasauroid. 

EDESTOSAURUS,  Marsh. 

Amer.  Jour.  Sci.  Arts,  1871,  June. 

VertebrtB  with  the  zygosphen  articulation ;  palatine  bones  narrow, 
partly  vertical,  tlie  bases  of  the  pterygoid  teeth  exposed  on  one  side,  or 
pleurodont.  (It  is  uncertain  whether  the  type  of  Clidastes  presents  this 
structure  or  not.) 

Edkstosaukub  tortob.  Cope,  sp.  uov. 

Vertebra  of  the  cervical  and  anterior  doi*sal  regions  with  round  articu- 
lar faces,  not  emarginate  for  the  spinal  cord.    The  bodies  are  elongate 

•  Tnuis.  Aaer.  PhUvt.  Soc.  1860,  200.    t  (CreUtc«oa«  BeptUoi.)  U.  S.  T*b.  fiU.  flf.  10. 
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and  somewhat  contracted,  and  marked  everywhere  with  finer  and  coarser 
lArisB.  Hypapophyses  prolonged  on  the  oervicaLs,  the  free  one  of  the 
atlas  with  a  prolonged  keel-like  process. 

Quadrate  bone  with  long  external  angle  and  rather  thick  anterior  ala 
with  broad  rugose  margin.  A  prominent  obtuse  ridge  is  continued  from 
the  external  angle  to  the  inferior  articular  extremity,  the  distal  portion 
being  more  acute.  A  rugose  process  projects  at  the  point  where  the  pos- 
terior hook  approaches  the  body,  and  is  continued  as  an  elevated  narrow 
ridge,  parallel  to  the  previously  mentioned,  to  the  distal  articular  surface. 
A  button-like  knob  appears  on  the  posterior  margin  of  the  hook  opposite 
the  meatal  part.  A  strong  ridge  extends  on  the  inner  face  of  the  bone 
from  opposite  the  end  of  the  hook  to  the  base  of  the  great  ala.  The 
distal  articular  surface  presents  two  planes ;  the  narrower  at  the  end  of 
the  posterior  pair  of  ridges  above  described  ;  the  larger  considerably  less 
distal,  like  a  broad  step. 

The  maxillary  bone  descends  regularly  in  front,  uniting  with  the  pi*e- 
maxillary  by  a  minute  suture.  Its  posterior  extrem  ity  is  slender  and  acute. 

The  premaxillary  is  short  conic,  not  particularly  prominent.  The 
palatine  bone  has  a  slight  expansion  on  the  inner  side  ;  on  the  outer  the 
margin  is  very  narrow. 

The  teeth  number  seventeen  on  the  maxillary  bone.  They  are  com- 
pressed, least  so  anteriorly,  and  with  a  cutting  edge  from  base  to  crown 
as  far  as  the  fifth  from  the  front,  in  those  anterior  to  that  point  the  pos- 
terior edge  is  discontinued.  There  are  sixteen  pterygoid  teeth  which  are 
smooth  and  without  anterior  cutting  edge.  The  frontal  bone  has  a  low 
carina  along  the  median  line  of  its  anterior  portion. 

M. 

Length  of  axis  with  odontoid  process 078 

vertical 026 

transverse 026 

Expanse  of  diapophyses  do 084 

Length  of  centrum  do 052 

Length  of  maxillary  bone 863 

"        ramus  mandibuli  behind  dentary 31 

Length  of  premaxillary 04 

Total  of  cranium  (—2.33  feet) 713 

Length  of  pterygoid  and  palatine 315 

Length  of  centrum  posterior  dorsal  vertebra 066 

Diameter  of  ban{-'^-i-;;;;:::;:;;::::::::;^^ 

The  bones  of  this  species  are  all  light  and  slender.  The  elongation  of 
the  vertebrae  indicate  that  if  their  number  was  of  the  usual  amount,  the 
animal  was  of  more  than  usually  slender  proportions.  The  position  in 
which  it  was  found  was  a  partial  coil,  the  head  occupying  the  inside  of  a 
tmn  of  the  dorsal  vertebras.  As  compared  with  E,  dispar  and  E,  velox  of 
Marshy  the  present  differs  in  the  lack  of  depression  of  the  centra  of  the 


Diameter  of  ball  of  a  cervical  < 
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vertebrsB,  especially  the  anterior,  and  iu  various  details  of  stmctuie  of 
the  quadrate  bones,  as  well  as  the  lars^er  number  of  teeth.  i 

Discovered  iu  Fossil  Spring  canon  in  the  grey  limestone  by  Martin  Hartr 
well  and  Sergeant  Wm.  €ku*dner.  But  one  specimen  was  found,  which 
includes  the  greater  pai*t  of  the  cranium,  with  the  vertebra  as  £ftr  as  the 
lumbar  region. 

EdESTOSAURUS  8TENOP8,    CopC,  Sp.  UOV. 

Indicated  by  a  large  part  of  the  skeleton  of  one  individual,  and  fhig- 
ments  of  two  others.  The  first  includes  a  large  part  of  tlie  cranium,  with 
both  quadi-ates,  and  fifty  vertebrae,  including  the  axis.  The  charactexB 
are  similar  to  those  of  the  preceding  species,  but  all  the  bones  are  mora 
massive,  though  of  the  same  dimensions. 

The  teeth  are  strongly  compressed,  with  cutting  edge  fore  and  aft,  and 
with  the  surfaces  distinctly  faceted  ;  thei-e  ai*e  seventeen  on  the  mandk 
ble.  The  palatine  bones  are  stouter  than  in  E.  tortor,  but  the  teeth  ara 
not  larger,  and  are  probably  as  numerous,  as  they  are  similarly  spaced. 

The  tertebrcB  exhibit  round  articular  surfaces,  those  of  the  dorsal  region 
being  rather  stouter  than  the  cervical,  though  the  differance  does  not  ap- 
pear to  be  so  marked  as  in  the  preceding  species.  The  anterior  caudala 
possess  wide  diapophyses.  The  articular  faces  are  a  vertical  oval,  a  little 
contracted  above,  sometimes  by  a  straight  outline.  They  preserve  a 
peculiarly  elongate  fonn. 

The  quadrates,  like  those  of  the  last  six^cies,  liaveavery  prominent  ex- 
ternal angle.  They  present  various  differences  which  may  be  regarded 
as  individual ;  for  example,  the  edge  of  the  great  ala  is  not  expanded  out- 
wards, but  only  inwards ;  the  distal  ai-ticular  extremity  is  wider,  the 
posteriorly  decui*\'ed  hook  is  more  contracted,  forming  a  deeper  external 
concavity  behind  the  external  angle.  Characters  of  more  importance  are 
the  lack  of  the  two  ridges  which  bound  the  posterior  face  of  the  distal 
end  of  the  bone,  that  face  being  thus  convex  instead  of  concave,  and  the 
process  below  the  meatus  is  isolated  and  not  continued  into  a  ridge,  ex- 
cept internally,  when  it  gives  rise  to  the  heavy  ridge  which  extends  to  the 
base  of  the  great  ala.  The  button  on  tin?  posterior  aspect  of  tlie  hook  is 
wanting,  its  place  l>eing  taken  by  a  ivcurvature  (»f  the  smooth  articular 

face  along  the  margin. 

M. 

Length  of  axis  (above) 0.06 

i^;„«,^*«..  K«n    i  vfilical 027 

Diameter  ball    |  ^^^.i^,,!,^! 027 

Length  of  a  posterior  doi*sal 069 

Diameterban{-^»'-;;;;:;;;:;;;;;--- 

Length  caudal  with  tlat  diapopliysis 083 

Dci>th  cup.      do 031 

Width  cup,     do 03 

Length  mandible  (;^H  inches) 720 

Depth  at  C(»ronoid  process l.^O 

**       "  proximal  end  of  dentary 074 

•'       **  distal  "  "        02 
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A  fine  specimen  or  this  species  vns  found  by  Martin  V.  Hnrtwcll  near 
PoBsil  Spring.  PortionB  of  a  second  were  found  liy  Lieut.  Jas.  H.  Wliit- 
ten  on  a  bluff  on  Butte  Creek. 

"Bwth  the  above  species  ai-e  the  most  elongate  in  proportion  to  tLcir 
rtiamoter  of  the  order.  They  are  larger  in  their  dimeneiona  than  those 
***>tt  enumerated. 

Edebtosauros  dispah,  JIarsh. 
Amer.  Jonr.  9ci.  Arts,  June,  1871.     Smoky  nUl  River. 

Edestobaubus  vexox,  HarHli,  I.  c. 
*Ieftr  the  North  Port  of  tlie  Smoky  River. 

HOLCODUS,  GibbeB,  Cope  emend. 
^^crtebrx  without  the  zygosplicii  articulation.  Palatine  bones  Mat, 
~  ■%«,  its  teeUi  not  unequally  exposed  at  the  bases,  or  not  ptcurodont. 
T'his  genus  bears  the  same  relation  as  regards  the  palatine  bones  and 
eth.  to  the  genus  Ltodon  that  CUdaatei  dues  to  Bdeitoiauru»,  as  above 
'fined-  The  structure  of  the  caudal  vertebrte  I  unfortunately  cannot 
c^^^tain,  and  therefore  do  not  know  whether  they  are  aa  in  Clidasttt  or 
-^<f<x((jn.  It  differs  from  MoMimirtig  as  it  does  from  Ltodon,  i.  e.  in  tlie 
■***«^eontal  laminifonn  palatines, 

"k'iie  name  which  I  use  for  this  genus  was  originally  applied  by  Dr. 
C8  ibi)es*  of  Chai'leston  to  a  species  represented  by  t«eth  from  the  creto- 
■^^s^^Ms  of  Alabama,  but  of  which  no  other  portions  wore  known.  Tlie 
*"="»t|i  of  the  Kansas  species  now  referred  to  this  genus,  are  very  sisnilar 
•*»  «;luir!icter  to  those  described  by  Gibbes,  so  much  so  as  to  lead  mo  to 
**^lieve  that  when  other  portions  of  the  H.  aeittidfni  of  that  author  are 
^^i^JTPD,  tbey  will  be  found  to  display  the  moi-e  important  features  here 
*^=«^rded  as  truly  distinctive  of  the  genus.  Its  place  is  evidently  between 
^^i%*ia*Ut  and  Lwdon,  the  pterygoid  bones  being  tliose  of  tlie  former,  and 
***©  vertical  turticulationii  being  identical  with  that  chai'acteristio  of  ito- 
**^'»*.  In  all  of  the  species,  ti'acea  of  the  Eygosphen  appear,  but  in  the  H, 
****''^jifiwTH,  Cope,  the  rudiment  amounts  to  a  short  process  directed  for- 
^^'^•■X'^s  at  the  base  of  each  anterior  zygapophysia. 

1~lie  species  known  as  yet  are  of  medium  size  in  the  order. 

HoixxtDua  coRTPHAErs,  Cope,  sp.  nov. 

^'fntr-ieter*.     Cervical  and  doiml  veitebrffi  witli  the  articular  surfaces 

^^r-tTvHsed  transvei'se,  slightly  excavated  above  for  the  neural  canal. 

*■«;  diapophyses  not  continued  inferiorly  to  the  rim  of  the  cnp,  on  the 

~^*~vica]  verlebne,  and  not  receiving  from  it  a  cap  of  articular  c-artilage. 

^^'sipitol  crest  much  elevated,  quadrate  bone  small,  the  meatal  pitde- 

*'*^'«««1  betwoen  bounding  ridges  above  and  below.    Itudimental  zygos- 

^^■^»i  not  uniting  into  a  keel  above.     Teeth  slender  less  curved  than 

■^aterijition.    Tliie  species  is  chiefly  based  on  one  specimen,  which  in- 

*^t  jrutRAiuri.iiLDaLUlM:  SmlltnuBlsjtCoBli.  loKaowledn.  lUl.  9Pt*l«. 
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chidea  the  great«r  pari  of  tlie  ci-anium  «nd  seventeen  vertebne,  witii  ribs. 
Isolated  pottioim  of  other  iudividuals  trere  a\ao  futind  in  the  eaxae  r«f;ioa 

The  dispvoportiou  between  the  diaiuclcra  of  the  cervical  and  doRNi] 
v<?rt*>brs  ia  more  maiked  here  than  tlie  Bpeciesof  Bdettolourui.  TliB 
cuutm  are  less  elongate,  though  with  lar^r  diameter.  The  crHnium 
U  relatively  much  smaller,  tlie  t«eth  absolutely  Bm&ller,  though  the  qtud- 
rale  boneit  are  of  eq\i&l  size.  The  general  character  of  tlio  species  U 
atoutor,  but  less  atrongly  armed,  and  lees  ek^'antly  huilt. 

The  hypapophyaia  of  the  attat  has  a  short  miall  keel  below,  Th« 
nciii'al  spine  of  the  eLtii  in  tXongnXe,  but  less  &o  than  in  the  twu  Edett»- 
itiiuri,  truncate  behind,  with  a  median  groove  into  which  the  aut«ripr  Xed 
of  the  ueural  spine  of  the  Ihii-d  cervical  vertebra  is  appUcjl,  The  dia- 
ptipliysis  of  this  vertebne  has  a  short  vertical  articulating  eurlhce,  aiid  i» 
cuiitiTiued  into  a  longitudinal  keel,  whicdi  disappears  before  reacbiug  the 
edge  of  the  cup.  The  same  process  of  the  axis  has  a  longitudinal  parai* 
li-logrammic  articular  surl^tco. 

The  mpraoefipltal  is  very  thick  and  is  roof«haped,  the  keel  rising 
nearly  perpendicularly  from  the  foiamen  mikgnum. 

The  nutipentoria  are  directed  both  upwards  and  backwards,  at  about  an 
angle  of  45^'  in  each  direction,  and  sui>p<:irt  on  their  extremities  the  squam- 
osal bones.  These  are  prolonged,  forming  part  of  their  appropriate  arch. 
The  occipital  condyle  is  transversely  oval.  The  iphtnoid  bone  embraces 
as  usoal  the  basi -occipital  protubenmoes ;  it  i«  not  cariuute  on  th« 
median  line  below.  It  sends  out  on  e.ich  side  near  the  anterior  extremity 
a  sub-borizontal  laminar  prouDss. 

The  qundrale  bone  is  mnch  like  that  of  II.  ittericui,  but  is  relutivcl; 
Hmallor.  While  the  teeth  iu  that  species  are  smaller,  the  qiiadi'ate  is 
larger,  hence  the  difference  in  the  species  is  In  this  point  quite  striking. 
The  cxiemal  angle  is  prominent  but  very  obtuse,  and  is  the  summit  of  a 
very  thick  obtuse  ridge  which  extends  to  near  the  distal  artiuular  surfaci'. 
The  posterior  hook  is  much  prolonged  downwards  and  has  no  bnttcm-liko 
process  or  extension  of  tlie  articular  siirfaco  on  its  jiost^Hor  face.  This 
fai.'C  presents  a  strong  rib  along  the  meatus  and  disappearing  abnvc  the 
pit,  throws  the  latter  into  a  depreseicn.  This  is  inciiiased  by  the  swelliiif- 
of  the  external  angular  rib.  A  prominent  knob  very  rugose  at  the  ex- 
tremity rises  beneath  the  end  of  the  hook,  and  bounds  a  concavity  be- 
tween it  and  the  external  rib. 

The  latter  closes  the  concavity  by  curving  round  towards  the  knob  abaio 
mentioned.  A  keel  rises  exterior  to  the  rih,  and  below  it,  and  continuea 
iiit«  the  external  angle  of  the  articular  extremity.  Another  very  promi- 
nent keel  extends  from  the  knob  beneath  the  hook  to  the  base  of  U>e  great 
Ala.    The  articular  extremity  is  transverse,  and  iu  oue  plane. 

The  naxilUiry  boJie,  is  marked  with  ehuUow  longitudinal  grooves,  it 
supixirte  eleven  teeth  and  has  a  rather  steep  prvmaxiUary  suture  dcMxod- 
l[ig  in  front.  Tiie  nareal  expansion  in  foint  occurs  opposite  the  fourth 
tooth. 
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Tlie  teeth  are  rather  long  slender  and  incurved  and  recurved.    There  is 

sk  d  Istinct  cutting  edge  anteriorly  and  on  a  greater  or  less  part  of  the 

Ic-ii^h    of  the  posterior  face.      The  crowns  are  four  or  five  faceted 

oil    1,1  le  outer  fece  ;  the  inner  face  is  more  numerously  faceted,  and  striate- 

^i-ooved.     The  section  at  the  base  is  sub-circular ;  higher,  the  outer  face 

is-i    tlatter,  the  inner  more  convex.     The  apex  is  acute  and  the  cutting 

«rcl^xes  strong. 

The  frontal  is  narrow,  and  differs  from  the  other  Holcodi  here  described 

ii-k      liaving  the  olfactory  groove  closed  by  contraction   behind.     Botli 

jy^€  Iritines  are  preserved.     They  support  twelve  cylindric  conic  teeth  which 

lii^*.^ve  recurved  apices  and  striate  enamel.     The  section  is  a  flat  transverse 

o  vn.1,  where  the  external  transverse  process  is  given  off.     The  shaft  of  the 

.e  is  much  expanded  inwardly  with  a  thickened  margin  ;  exteriorly  tlie 

L^^K-gin  is  thin,  and  is  nearly  followed  by  the  series  of  teeth,  whose  bases 

SM-^^    exposed  externally,  and  are  therefore  pleurodont.     The  emargination 

foi*   the  pterygoid  is  very  deep. 

31. 

Length  of  axis  with  odontoid 0.074 

"  third  cervical 048 

rv-        i.^    u«ii      Ar.     i  vertical 021 

Diameter  ball,    do.    |transver8e 0:W 

Elevation  of  spine  of  do.  from  centrum 040 

Length  posterior  doi*sal 008 

Diameter  centmm  { 1^^:::::::::::::,  v;;;;. ::::::  :ol 

Length  basioccipital  and  basisphenoid 084 

Elevation  occipital  crest  above  floor  of  foramen  magnum. . .  .08 

Length  suspensorium  from  foramen  ovale 01> 

Length  os  quadratum 073 

Width  distal  extremity .030 

Length  os  maxillare 21 

Depth  do.  at  third  tooth 036 

Length  fourth  tooth 032 

"        of  crown  of  do 021 

Length  of  i>alatine  bone 155 

*^I*hi8  fossil  was  found  by  the  writer  projecting  from  the  side  of  a  bluft* 
branch  of  the  Fossil  Spring  Canon  near  the  mouth  of  Fox  Canon, 
bluff  was  from  80  to  100  feet  in  height,  and  the  Holeodus  was  taken 
a  position  forty  feet  below  the  summit,  from  the  yellow  chalk. 

HOLCODUS  TECTULU8,  Cope,  Sp.  UOV. 

^Established  on  a  number  of  cervical  and  dorsal  vertebrse  of  smaller  size 

those  characteristic  of  the  other  species  of  the  genus.    The  centra 

not  suffered  ftrom  distortion  under  pressure.    The  articular  surfaces 

depressed  transverse  elliptic  in  outline,  with  a  slight  superior  excava- 

for  the  neural  canal.    A  well  marked  constriction  surrotmds  the  ball. 

«TO  is  a  rudimental  zygosphen  in  the  form  of  an  acute  ridge  rising  from 
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the  inner  basis  of  the  zygapophysis  and  uniting  with  its  fSdllow  of  the 
other  side  forming  a  production  of  the  roof  of  the  neural  canal.  The 
combined  keels  become  continuous  with  the  anterior  acute  edge  of  the 
neural  spine.  Thus  the  form  is  quite  different  from  that  seen  in  the  last 
described  species,  and  constitutes  a  lower  grade  of  rudiment.  The  £Eurt 
that  this  zygosphenal  roof  is  separated  on  each  side  from  the  zygapophy- 
ses  by  an  acute  gi*oove,  gives  the  former  a  distinctness  more  apparent 
than  real. 

The  fixed  hypapophyses  are  short  and  broad.  The  centra  are  not  elon- 
gate.   Those  of  the  anterior  dorsals  present  an  obtuse  keel  below. 

M. 

Length  of  a  median  cervical 0.043 

Diameter  of  ball  of    do.    i  yfftical 02 

^xauKx^ij^M.  V*  i/«i.  V*    «^.    I  transverse 033 

Length  of  anterior  dorsal 042 

Width  of  cup 032 

Found  by  the  author  on  a  low  bluff  or  "break  "  on  Butte  Creek,  four- 
teen miles  south  of  Fort  Wallace. 

HOLCODUS  ICTERICU8,  Cope. 

Liodon  icterieus,  Cope,  Proceed.  Amer.  Phil.  Soc.  1870,  p.  677.  Hay- 
den's  Geol.  Survey  of  Wyoming  and  a4j.  Terr.  1871. 

In  adition  to  the  two  individuals  of  this  species  procured  by  Professor 
B.  F.  Mudge  in  one  of  his  geological  surveys,  the  writer  obtained  a  con- 
siderable part  of  a  third  from  a  low  bluff  on  Fox  Caiion,  south  of  Fort 
Wallace.  This  includes  seventeen  lumbar,  dorsal  and  cervical  vertebrae 
including  axis,  with  ribs,  and  a  large  part  of  the  cranium  with  both  quad- 
rates, occipital  and  periotic  regions,  etc.  Its  chai*acters  may  be  briefly 
pointed  out  as  follows  : 

Articular  surfaces  of  dorsal  and  cervical  vertebrae  transverse  oval,  ex-  - 
cavated  above  for  neural  canal ;  diapophyses  not  extending  below  to  the 
eilge  of  the  cup,  hence  not  receiving  an  area  of  articular  cartilage  con-  - 
tinuous  with  the  rim.  Occipital  crest  low,  oblique.  Quadrate  bone  -? 
larger,  the  meatus  depressed  between  ridges.  A  button  of  articular  sur-  — 
face  on  posterior  face  of  hook.  Scarcely  any  rudiment  of  zygosphen.  - 
Teeth  small,  much  incurved,  faceted  and  striate  ridged. 

Some  characters  additional  to  those  alrea<ly  derived  from  the  first  known  m 
examples  may  bo  added.  The  mandible  supports  only  twelve  teeth.  Tlie'^ 
palatine  bone  is  shorter  anterior  to  the  external  process,  and  longer  behind  J 
it  than  in  77.  coryphcBus.  In  our  specimen,  tlie  posterior  extremity  is.* 
broken  ofi*,  yet  shows  no  indication  of  the  cmargination  for  the  ptery-  - 
goid  bone  an  inch  behind  the  position  of  its  anterior  extremity  in  II. 
coryphmm.  There  are  ten  teeth  on  the  part  preserved,  four  in  front  of^ 
transverse  process  (six  in  //.  coryphceus)^  and  six  (probably  seven)  behind 
(six  in  //.  corypliaus).  The  plate  is  more  expanded  than  in  the  last- 
named  species,  esx)ecially  the  thickened  inner  margin,  which  only  ap — - 
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proaches  the  basis  of  the  last  tooth  ;  (reaches  the  tooth  line  at  the  fifth  in 
^.  eorypJuBU%,) 

The  occipital  crest  is  low  and  directed  obliquely  forwards  from  the  for- 
smien  magnum.  The  suspensoria  are  stout,  and  directed  at  an  angle  of 
-45^  in  both  the  superior  ard  posterior  directions.  The  ba^isphenoid  is 
strongly  keeled  below.  The  quadraium  is  like  that  of  H.  coryplueus  in 
its  massive  external  angle  and  ridge,  but  differs  in  the  shorter  hook  and 
'the  non-interruption  of  the  groove  between  the  external  angular  ndge 
and  the  knob  below  the  meatus.  The  cervical  and  dorsal  tertehr(E  display 
^he  same  disproportion  in  size,  observed  in  JI.  coryp?iaus. 

M. 

Length  os  quadratum 0.081 

Width  articular  extremity  of    do 0:18 

Length  dentary  bone 28 

"  '     tooth  of    do.     third  from  behind 0-22 

•*    crown  only OUi 

suspensorium  from  foramen  ovale 108 

Total  length  cranium  (23  in.) 58 

IIOLCODUS  MUDGEI,  Cope. 

Liodon  mudgeiy  Cope,  Proc.  Am.  Philos.  Soc.,  1870,  581.  Tlayilen's 
Survey  Wyoming,  etc.,  1871,  p.  581. 

The  specimen  of  this  species  obtained  by  Professor  Mudge  on  the 
Smoky  Hill  River,  is  the  only  one  known  to  the  writer.  The  characters 
^distinguishing  it  are  tlie  following  : 

Vertebrae  without  nidimental  zygosphen.  Quadrate  bone  with  plane 
•surfaces  from  the  proximal  articular  surface  and  the  external  obtuse  angled 
^dg^  to  the  meatal  pit ;  the  latter  therefore  not  sunk  in  a  depression  as 
%he  other  species. 

The  frontal  bone  is  like  that  of  //.  ictericus,  furnished  with  an  open 
olfactory  groove  on  the  inferior  face  ;  it  is  wider  over  the  orbits. 

A  re-examination  of  the  vertebrae  of  the  type  specimen,  which  I  de- 
sscribed  as  having  compressed  centra,  renders  it  probable  that  they  have 
1)een  so  modified  by  pressure  as  to  render  their  normal  shape  a  matter  of 
uncertainty. 

LIODON,  Owen,  Cope,  emend. 

Trans.  Am.  Philos.  Soc.,  1870,  p.  200. 

Vertebrae  without  zygosphen  and  zygantrum.  Palatine  bones  separated 
ftom  each  other,  nan-owed,  the  teeth  more  or  less  pleurodont.  Chevron 
Ixmes  articulated  freely  with  the  caudal  vertebi*ac. 

This  genus  embraces  several  species  from  the  Kansas  Chalk,  which 
range  in  size  from  the  most  usual  in  the  last  genus,  to  the  largest  known 
in  the  order. 

Liodon  curtirostris.  Cope,  sp.  nov. 

Characten.  Cervical  and  dorsal  vertebra)  with  transversely  oval  aitic- 
Tilar  tsuon,  which  are  little  depressed,  and  though  not  continued  to  the 
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neural  Krch,  are  scarcely  excavated  above  for  tlic  neural  cana].  The  dio- 
popbysis  nitli  stout  inferior  horizontal  branch,  irhich  U  capped  by  an 
extcnflton  of  the  artieular  cntiloge  from  th(>  rim  of  the  cup.  Occipital 
crest  elevated,  Biib-vertiual.  Quadrate  broud  below ;  pit  siinlt  between 
biianiling  ridges. 

DneriptUn.  Theii!  ir  a  great  dispropoition  in  the  BiKes  of  the  cenricnl 
and  posterior  dorsal  vert^bne  ;  the  centra  of  the  Intter  are  raihfir  more 
depressed  thaw  tliose  of  the  former.  They  lire  similar  in  proportion  t" 
lliose  of  tiie  Holcotii  and  shorter  thau  those  of  the  Edftoiavri.  The 
short  axes  of  tliearticulnr  faoes  are  stib-vertioiil.  Tbe  rudiment  of  eygos- 
phen  is  seen  in  tlio  slight  anterior  prolongation  of  tlic  ro»f  of  the  neural 
c.in.il.     The  keel  of  the  hypapophysis  of  the  atlas  is  sliort  and  obtns«. 

The  greater  partof  therrniifuin  is  preserved.  The  eupnM>ccipital  keel 
is  veilical  and  fumialied  at  the  frummit  with  a  plicut*  knob  for  the  iiiser- 
tirm  of  a  Itjninrn(u«i  nuchir.  The  thickness  of  the  walls  of  the  bone  is 
not  eijual  to  that  in  //.  foryphfai  and  the  suture  is  a  double  sqnamocal 
i.  I.  with  groove  along  the  middle  of  the  edge.  Tlie  basisplienoid  ut  but 
slightly  keeled  below,  and  is  distally  expanded  into  a  horizontal  plato  on 
each  Bide.  The  parietal^  are,  as  usual,  confluent,  and  send  olf  two  tight 
arches  postero-latemlly  for  union  with  the  squamosal  boue.  Between 
theii-  origins  are  two  sub  parallel  ridges  which  disappear,  the  transverae 
section  of  the  nai-row  part  of  the  parietale  being  ronnded.  The  lateral 
ridges  within  tlie  temporal  fossie  are  obsolete,  wliile  the  convergent  angles 
which  hound  the  parietal  table  poHtoriorly  are  strongly  marked  :  Thl« 
table  is  nearly  plane  and  the  foramen  parietale  \a  large.  Tbefroaial  is 
narrowed  iu  front,  and  bas  an  elevated  keel  along  its  anterior  balf.  The 
olfactory  groove  in  not  much  conti'acted  behind,  but  is  closed  by  the  apex 
of  the  rugose  area  in  front  of  the  foramen  parielale. 

The  palatine  bono  is  narrow  and  the  external  margin  is  very  slight,  tlio 
bases  of  the  teeth  being  exposed  in  that  direction.  The  inner  mar^ii  is 
much  thickened  downwards,  but  not  so  as  to  be  a  vertical  plate.  Tba 
hinder  part  of  the  bone  is  tlat  and  horizontal,  with  a  long  maxillary  pit>- 
ceiiJ«.  The  pteiygoid  notch  falls  opposite  the  second  tuoUi  from  behind. 
The  whole  number  of  teeth  is  eleven. 

The  j(iw»  are  represented  by  the  greater  part  of  all  of  the  toolh-boariiig 
portions.  The  maxillary  boue  ia  shallowly  sulcate  on  the  exterior  fiice. 
Its  proportions  are  quite  similar  to  those  of  the  H.  eorj/phaus,  but  tlie  teetli 
it  supports  are  larger  and  fewer.  There  are  none  miKsing  from  the  ex- 
tremities of  the  specimen,  the  whole  number  being  ten  ;  in  S.  corphfraui 
there  are  eleven.  The  crowns  are  incurved,  faceted  externally,  and 
striate-grooved  internally ;  there  are  cutting  edges  on  front  and  rear, 
both  strongest  near  the  apex ;  the  anterior  continued  to  the  base,  tbc  latter 
wnnting  on  the  basal  third  on  median  maxillariea.  Ttie  anterior  nareal 
expanse  marks  the  fourth  tooth  from  the  prein/txillarg  suture,  Tlie 
premnrillary  bone  is  remarkable  for  its  ahortnets  and  flatness  at  thu 
-extremity,  this  part  being  depressed  and  scarcely  projecting  at  llie  lowor 
margin  iu  front  of  the  anterior  teeth.    These  as  usual  niunber  four. 
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Both  quadrate  bones  are  preserved  nearly  entire.  They  have  the  same 
^^neral  character  as  those  of  H,  icteriens  and  H,  eoryphaus,  resembling 
.Iher  the  latter  in  the  great  length  of  the  posterior  hook,  which  is  with- 
t  posterior  marginal  button.  The  proximal  external  angle  is  large  and 
ol^tuse,  and  is  continued  into  a  prominent  thick  ridge.  The  latter  divides 
l>c?  low,  the  thick  extremity  turning  inwards  and  ceasing ;  an  acute  ridge 
oo Ktiuuing  outwards  and  joining  the  exterior  acute  extremity  of  the  dis- 
t;£«.X  articular  surface.  The  submeatal  knob  is  broad  and  thick,  and  not 
p»  z-ominent,  and  its  extremity  turns  at  an  acute  angle  forwards  on  the 
iK&x^or  face  and  forms  the  commencement  of  the  great  ala.  The  articular 
»i:i.riace  is  straight  crescentic  with  an  expansion  on  a  tuberosity  on  the 
o loiter  face  (concave  of  crescent).  The  meatal  pit  is  sunk  between  the 
ridges  surrounding,  one  of  which  is  on  the  outer  margin  of  the  posterior 

ilCMDk. 

The  mandible  is  nearly  perfect.     The  dentary  bone  bears  thirteen  teeth, 

and  at  the  extremity  is  contracted  in  both  directions,  and  not  prolonged 

l>eyond  the  base  of  the  last  tooth.    The  ridge  which  descends  from  the 

cot  jliis  along  the  inner  face  of  the  articular  bone,  is  not  nearly  so  strong 

-as  in  the  H,  mudgei, 

M. 

Length  axis  with  odontoid 0.062. 

Elevation  neural  spine  of    do.    at  middle 046 

Length  third  cervical  (body) Oo 

rk-      ^*      u«n    (vertical 025 

Diameter  baU  |,,orizontal 082 

Length  posterior  dorsal 065 

T%.        .      u  u   i  vertical 038 

Diameter  baU  ^horizontal 05 

Length  basis  cranii 09 

**        suspeusorium 105 

Elevation  occipital  crest  above  floor  foramen  magnum.  .045 

Length  tooth  line  pterygoid 115 

**        maxillary  bone 21 

"        premaxillary  laterally 035 

Width  •*  **      at  second  tooth 041 

Length  dentary 245 

**         maxillary  tooth 03 

"  "  **    crown  only 023 

**         OS  quadratum 077 

Width     "  "        distally 045 

Length  parietal 085 

**        frontal  to  nares  (median) 11 

Width        "      between  orbits 077 

Total  length  of  cranium  (18.75  inches) 473 

The  specimen  above  described  was  found  by  the  writer  on  the  denuded 

^^  of  a  bluff  on  the  lower  part  of  Fossil  Spring  Canon.    The  posterior 

I^  of  the  cranium  with  several  vertebrae  were  found  exposed,  and  many 
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other  bones,  including  the  cranium  were  found  only  covered  by  the  super- 
ficial washed  material.    Other  portions  were  exposed  on  excavating  the 
blue  grey  bed  of  the  side  of  the  spur  adjoining. 
The  name  has  reference  to  the  abbreviation  of  the  head  and  jaws. 

LlODON   GLANDIPERU8,     CopC,  Sp.  UOV. 

This  species  is  rcpi*esented  by  portions  of  two  individuals  from  locali- 
ties twenty-five  miles  apai-t.  These  are  unfortunately  in  each  case  only 
a  cervical  vertebra,  but  they  agree  in  possessing  such  peculiarities  as  dis- 
tinguish them  widely  from  anything  yet  known  to  the  writer. 

One  is  an  anterior,  the  other  a  posterior  cervical.  The  articular  sur- 
faces are  transversely  elliptic,  and  completely  rounded  above,  that  is, 
neither  tnmcated  nor  excavated  for  the  neui*al  canal.  Their  vertical  axes 
arc  oblique,  t.  e.,  make  less  than  a  right  angle  with  the  long  axis  of  the 
centrum,  and  tlie  articular  surface  of  the  ball  is  thus  carried  forward,  on 
the  upper  face,  to  much  nearer  the  base  of  the  neurapophyses  tlian  usual, 
in  the  anterior  vertebra  nearly  touching  them.  The  ball  is  likewise  more 
convex  than  in  any  other  species,  having  a  slight  central  prominence  in 
tlie  posterior  vertebra.  There  is  no  annular  groove  round  the  ball.  In 
both,  the  articular  surface  of  the  hypapophysis  is  truncate  and  bounded 
by  an  elevation  in  front,  a  peculiarity  not  observed  in  any  of  the  species 
already  described.  There  is  no  ti-ace  of  zygosphen  in  either.  In  the  an- 
terior vertebra  the  diapophyses  ai-e  nearly  horizontal,  the  posterior  por- 
tion slightly  thickened  and  oblique.  The  anterior  portion  is  thinned  out 
and  very  i-ugose  above  and  below,  and  does  not  continue  its  margin  into 
the  rim  of  the  cup.  In  the  second  vertebra,  the  diapophyses  are  very 
large,  veitical  and  with  a  horizontal  portion  rising  in  a  curve  to  join  the 
middle  of  the  lateral  margin  of  the  cup.     Neural  spine  narrowed  upwards 

keeled  beliind. 

M. 

Length  centnmi  anterior  vertebra 0.064 

Biameter  ball  { z^-;::::; ::::::::::::::::::::  :Sl9 

Length  of  posterior 064 

Diameter  ball  { J^^^:;;:;: ; ; ; ; ! !  i ! ! ! ; ; ; ! ; ; ! ; ; ;  :^, 

Expanse  of  anterior  zygapophyses 055 

The  first  vertebra  was  found  by  the  writer  at  the  foot  of  a  bluflf  on  the 

lower  pai-t  of  the  Butte  Creek  ;  the  second  was  procui*ed  by  Professor  B. 

F.  Mudge  from  a  point  one  mile  south-cast  of  Sheridan  near  the  North 

Fork  of  the  Smoky  River. 
It  is  tliis  species  that  I  compared  with  the  MosasauruB  deprensus.  Cope, 

in  a  report  on  the  collection  made  by  Professor  Mudge  (Amer.  Philos. 

Soc.,  18T1,  108  Proceedings).     The  size  is  similar,  but  the  form  of  the 

articular  surfaces  is  very  different. 

LlODON    LATISPINUS,    CopC. 

Proceed.  Amer.  Philos.  Soc.  1871,  p.  109. 

This  is  a  large  species,  nearly  equaling  the  L,  mitchelliiin  its  dimensions. 
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t  is  forty  or  fifty  feet  in  leikgtb.  The  remains  repi-eseuUng  it  consist 
«>f  jaeven  cervical  and  donat  vert«bne,  Bve  of  thtun  beiug  continuous  auil 
«9Xialosed  in  a  day  concretion. 

TteM  display  tbe  elonKat«  ciinmcter  auen  in  L.  iattU,  etc.,  but  tlie  ar- 
-Cavsialar  sur&cee  are  tnuisveraely  ovnl,  tliua  I'eseinbling  the  L.  ieterUut. 
%lkey  are  lea*  depressed  than  in  L.  perlnCua  and  L.  <li/i]ielor.  The  cup 
^nd  ball  of  tha  penultimate  cervical  are  a  little  more  irausvetse  tlian  tbosu 
*»*■  tiie  fourth  dorsal,  and  none  of  them  ai*  excavated  above  by  the  neui'al 
•ga^nal.  The  last  cervical  is  strongly  keeled  on  the  middle  line  below,  and 
w*  lt,li  a  short  obtose  hypopophyais  marking  the  beginning  of  the  posteiior 
tXiird  of  the  length;  the  median  line  of  tlietirat  dorsal  has  an  obtuse  ndgi;. 
' M.'  tiere  is  no  keel  on  the  fourth  dorsal,  but  the  lower  surface  is  concave  in 
c>3e  luitero-posterior  direction.  The  diapophyses  on  the  last  twu  cervical 
sft^:xd  tlirec  first  dorsal  veitebne  liave  great  vertical  extent ;  tlie  articular 
*««Ar£Boe  for  tbe  rib  is  not  bent  at  right  augles  on  the  first  dorsal.  Neural 
a^z-ohes  and  spines  are  well  preserved  in  most  of  tbe  specimenii.  There  is 
n«3  trace  of  zygantrum.  The  neural  spines  are  fiat,  and  have  consider- 
^%>le  ant«ropitsteriur  extent  on  cervical  as  well  as  dorsal  vertebne,  and 
r  truncate  above.    Tke  Ihat  dorsal  beara  a  long  sti-ong  rib. 


Ttaneverse  diameter  cup  penultimate  cervical  vertebra. .  ,  .051 

A'ertlcal  diameter  of  same 041 

Xength  centrum  fourth  dorsal,  without  ball (KS 

Tertical  diameter  ball M55 

Trttnsverae        do 055.1 

Klevalion  front  maigin  neural  spine  penultimate  cervical. .  .083 
.Antero-posterior  diameter    do.  do.  do.     . .  .03 

'^hete  are  smooth  bands  around  the  balls,  and  the  surfaces  of  tbe  ccutru 
^t^   >ftriatv  to  these 

1*he  depressed  cups  uf  the  cervicals  and  anteiior  dorsals  distiuguiali 
^^**  species  from  the  L.  validui,  L.  profi'jer  and  II.  mudgei.  The  same 
*^**2»»xeuts  are  much  larger  and  more  elongate  than  in  L.  ielerieui. 

^t   diflers  especially  from  these  species  oi  Holeodut  and  from  Liodon 

'  **  ^tiroitri*  in  the  elongate  form  of  the  anterior  doi'sals ;  in  the  latter,  they 

*^*^  tnudi  sliorter  and  in  thi'ee  of  them  at  least,  the  inferior  limb  of  the 

^^Pophysis  is  turned  forwards  to  meet  the  rim  of  the  cup,  while  this 

i^*ture  ceases  with  the  last  cervical  in  L.  latiipinii».    The  articular  sur- 

^^<!>)  have  planes  at  right  angles  to  tlie  axis  of  tlio  centrum  and  are  not 

•••xilunged  above  as  in  £.  glitndiftrui.    The  last  hypapophysis  is  very 

^*'**n,  with  the  anterior  margiu  transverse  and  elevated  as  in  the  last 

^^'iied  species. 

It) lice,  this  species  is  tntennediate  between  such  gigantic  forms  an  L. 
H^pcS^,  and  the  lesser  Z..  curliroitris. 
Tbe  tjpa  specimens  were  found  by  Professor  B.  F.  Mudgo,  one  mile 
^^^^UkWest  of  Sheridan  near  the  "Gj'psum  Buttea." 
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LlODON  CRASSARTUSy  Cope,  Sp.  DOT. 

Liodon  large  species  near  L.  proriger,  Cope,  Proo.  Am,  Philos.  Soc, . 
1871,  p.  168. 

This  saurian,  which  is  similar  in  size  to  the  last,  is  represented  by  a 
scries  of  dorsal  lumbar  and  caudal  vertebras  with  some  bones  of  the 
limbs. 

The  vertebrsD  are  as  much  distiuguished  for  their  shortness,  as  those  of 
L,  latispinus  are  for  their  elongation.  The  articular  iaoea  are  but  little 
broader  than  deep,  and  their  axes  are  slightly  oblique.  They  are  very 
slightly  truncate  above  by  the  neural  canal.  The  inferior  Dftce  is  some- 
what concave  in  the  longitudinal  direction.  The  zygapophyses  are  stout 
and  there  are  no  distinct  rudiments  of  zygospen. 

The  dorsal  vertebrsB  best  preserved  are  those  in  which  the  diapophyses 
reach  the  middle  of  the  sides  of  the  centra,  and  have  no  horizontal  limb. 
They  are  narrow  and  have  not  extensive  articular  extremital  surfaces. 

The  lumbars  and  anterior  caudals  have  round  articular  surfaces.  One  of 
the  latter  with  strong  diapophyses  but  posterior,  is  sub-pentagonal  in  out- 
line of  cup.  The  humerus  is  a  remarkable  bone  having  the  outline  of 
that  of  CUdastea  propython,  Cope,  but  is  very  much  stouter,  the  aiitero- 
p<3sterior  dimensions  of  the  proximal  extremity  being  greatly  enlarged. 
The  long  diameters  of  the  two  extremities  are  in  fact  nearly  at  right 
:inglcs,  instead  of  in  the  same  plane  ;  and  the  outline  of  the  proximal  is 
subtriangular,  one  of  the  angles  being  pi*olonged  into  a  strong  deltoid 
ci*cst  on  the  outer  face  of  the  bone,  which  extends  half  its  length.  The 
inner  or  posterior  distal  angle  is  much  produced,  while  the  distal  ex- 
ti-emity  is  a  flat  slightly  curved  diamond-shaped  surface.  The  fibula  is 
iis  broad  as  long  and  three-quarters  of  a  disc.  The  phalanges  are  stout, 
thick  and  depressed,  tlius  differing  much  from  those  of  Liodon  ieUrieun. 
A  bone  which  I  cannot  assign  any  other  position  than  that  of  femur 
has  a  i^eculiar  foim.  It  is  a  stout  bone,  but  more  slender  than  the  humerus. 
Tlic  shaft  is  contracted  and  subtrilateml  in  section.  The  extremities  are 
flattened,  expanded  in  directions  transverse  to  each  other,  the  proximal 
having,  however,  a  lesser  expansion,  in  the  plane  of  the  distal  end.  The 
foi*mer  has,  therefore,  the  form  of  an  equilateral  spherical  triangle,  the 
apex  enclosing  a  lateral  fossa,  and  representing  probably  the  great  tro- 
chanter.   The  distal  extremity  is  a  transverse  and  convex  oval. 

This  bone  is  either  ulna,  femur,  or  tibia,  judging  by  form  alone.  Its 
gi'eater  length  as  compared  with  the  fibula,  forbids  its  reference  to  the 
last ;  the  trochanter-like  process  of  the  head  is  exceedingly  unlike  any 
examples  of  the  second  bone  I  have  seen.  Its  reference  to  femur  is  con- 
firmed by  its  presence  with  the  caudal-vertebrae  of  a  similar  species  fh>m 
near  the  Missouri  River,  Nebraska,  and  its  resemblance  to  the  femur  oi 

L,  dvspelor, 

M. 
Length  humenis 0.10 

Proximal  diameter  do 005 

Distill  "  " 102 


M, 

Lengtli  femur , US 

Proximal  diamuter  do 085 

Median  "  "  035 

Length  centrum  dorsal  veitelira  without  ball OUI 

Transverse  diameter  cup 06 

Vertical  "  •'    033 

Length  of  a  lumbar  ilotal) 055 

Diameter  ball  da  ttramivereet.. .  -  .09 

Length  caudal 041 

Depth  ball  do 052 

Width  da    do 052 

I'he  form  of  the  humeriiij  is  Mome thing  like  that  of  lehthyoMuriii: 
Xiutb  tliifl  clement  and  the  fumur  oiv  remarkable  for  their  Bmall  nu 


e  wiai'cclj  half  the  dimensioua  of  tlie  elementa  of  the  auterior 
't»Til> of  Uokodu.»  icUrieus,  and  are  even  less  than  thoHe  of  L.  dj/tpelor  in 
^r«>portion  to  the  animal's  size. 

Xt,  is  unneceasaiY  to  conipai*  this  si>eciiM  with  any  but  lii«  l.iodoii  pro- 
'^*ff^r.  Uf  tills  lipecieB,  I  uufortunatelf  do  not  jioifHesii  any  of  the  Knib 
'**>*a*8,  and  must  rely  for  comparison  on  vertobi'je  alone.  The  type  .  ,>L'oi- 
***«=T»  Intks  tlie  dorsals,  hence  the  riiudaU  alone  remain  for  companson. 
*"*il«  shows  that  they  are  three  or  four  times  as  large  aa  the  dunie  proiior- 
^-^OQa  of  tlie  L.  craiiartui.  In  a  smaller  sj>ecimen  of  L.  proriytr,  the 
^Or-Kala  are  preserved,  but  so  crushed  aa  to  bo  little  available  forjiieasurc- 
**■««»  tv  One  point  besides  the  gi'cater  sixe  is  noticeable,  tlieii'  gcuerally 
***^rw  elongate  form,  and  the  distinct  supeiior  umargi nation  for  (be  ueimil 

1"l)e  remains  above  described  wera  obtained  by  Piufesser  B.  F.  3Iudgr, 
^^ifct'  Eagle  tail,  in  Colorado,  a  few  miles  woiit  of  the  line  seitarating  that 
*^^t*«ilory  from  tlie  State  of  Kansas. 

A-  serice  of  twenty-nine  caudal  vertebi-aj  witli  and  without  diapopliyses, 

'"'^'O  a  bluff  on  Butte  C'l-eek  belongs  perhaps  to  this  speoies.     The  proii- 

^^*i  Kpeciraens  at  least,  cannot  be  diatiiiguisbed  from  those  uf  I',  ofessor 

^^Ta^lge'g  collection.     The  distal  ones  cannot  readily  bo  distinguis:i:i!  from 

^*  tiTminal  ones  of  L.  proriyer. 

LlODON  PKORIOKR,  Coi>e. 

**roc.  Acad.  Nat.  Sci.,  1868,  123.    Trans.  Am.  PUilos.  Soc.,  1870,  2»3. 

,^*X*hIa  \i  the  most  abundant  of  the  large  species  of  the  Kansas  chalk. 

"■«>  wiit«r  found  a  muEzle  consisting  of  pre  maxillary,  and  portions  of 

****XiUaij- and  deutaiy  bones,  in  a  spur  of  tlie  lower  bluffs  of  Butte  Creek, 

^^^  aumcrous  fragments  of  cranium  and  vertcbne  on  a  denuded  ti 


tii^ 


same  neighborhood.     Both  of  Cheae  belonged  to  individuals  of  Nmuller 


i 


*«e  than  the  tyjie,  the  opportunity  of  examining  which  I  owe  to  Professor 
*B*«rii.  The  more  complete  Butt«  Creek  apecjjuen  belougB  to  a  huge 
**4i>ial;  the  size  ih  grandly  displayed  by  a  complete  premaxiltai?  bone 
'■Wi  tu  projecting  snout,  and  large  fragments  of  the  masillary.    These 
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furnish  characters  confirmatory  of  those  ahready  given  as  above.    The 

vei-tebrad  are  remarkable  examples  of  flattening  under  pressure,  without 

fracture,  some  of  them  having  a  vertical  diameter  no  greater  than  one's 

hand.    The  cervicals  are  less  flattened  and  give  the  impression  that  they 

were  not  transversely  elliptic.    This  is  consistent  with  our  knowledge  of 

the  perfect  specimen,  where  it  is  as  described,  furnished  with  verticaUy 

ovate  articular  surfaces.    In  this  the  cup  is  symmetrical  and  not  distorted, 

but  the  ball  is  a  little  compressed  by  pressure, 

The  most  important  addition  to  the  knowledge  of  this  species,  fumiflbed 

by  the  Butte  Creek  specimen,  is  the  character  of  the  quadrate  bone. 

The  external  longitudinal  angular  ridge  is  very  prominent  and  extends 

to  the  distal  end.     It  supports  a  hook-like  prolongation  of  the  proximal 

articular  surface,  almost  as  large  a  one  as  in  Clidastes  propythonsmd  more 

narrowed.     The  ridge  is  so  prominent  as  to  create  a  wider  face  or  surfiioe, 

behind  the  basis  of  the  great  ala  than  exists  between  the  latter  and  the 

edge  of  the  articular  meatus.     This  basis  is  quite  convex  outward  and 

embraces  a  i-elatively  smaller  space  than  in  other  Pythonomorpha.     A 

section  of  the  bone  at  the  meatus  is  subtrilateral  with  a  notch  behind. 

The  distal  articular  surface  is  prolonged  below  the  origin  of  the  gre»,t  ala, 

and  receives  the  keeled  termination  of  the  external  ridire. 

^  M. 

Total  length  quadrate 0.158 

Length  from  superior  to  inferior  origin  of  great  ala 08 

Length  external  angle  from  bases  of  ala 052 

The  two  usual  ridges  pass  inwaixi  and  downwards  from  the  meatal 
knob. 

The  above  quadi'ates  ai*e  flattened  fi*om  within  outwai*dly  by  pressure. 

A  portion  of  the  palatine  bone,  supi>ortiiig  these  teeth,  displays  the 
chamcters  of  the  type,  viz. :  the  inner  face  vertical  and  deeper  than  the 
outer,  and  forming  a  strong  parapet  of  bone  on  the  superior  or  toothless 
aspect.  The  outer  face  a  little  expanded  laterally  :  the  bases  of  the  teetli 
exposed. 

It  is  proper  to  add,  that  the  locality  ascribed  to  the  type  specimen 
**near  Fort  Hay.s,  Kansas,"  which  was  given  me  on  inquiry,  is  probably 
erroneous,  Fort  Wallace  being  the  point  intended. 

LlODON  DYSPELOB,  Coi>e. 

Proced.  Amer.  Philos,  Soc.,  1870,  574 ;  1871,  168,  172. 

This  large  reptile  was  flrst  described  from  si)ecimens  sent  to  the  Smith- 
sonian Institution  from  New  Mexico.  Professor  Mudge  subsequently  ob- 
tained it  in  Kansas,  and  on  my  late  expedition  I  had  the  good  fortune  to 
procure  a  larj^e  portion  of  another,  on  a  sloping  bluff  on  Butte  Creek, 
fi)urteen  miles  south  of  Fort  Wallace.  This  sinicimen  is  one  of  the  most 
instructive  which  has  yet  bean  discovered,  including  as  it  does  fifty  verte- 
bra? from  all  parts  of  the  column,  a  lai*ge  part  of  the  cranium  with  teetii 
and  both  quadrate  bones ;  the  scapular  arch  complete,  except  lack  of 
coRi[Soid  on  one  side,  both  humeri,  radius  and  numerous  phalanges  of 


s  Umli ;  tlie  pelvic  arch  complete  witli  one  bind  limb  coniplete  to  tar- 
wiih  plialatiges.    The  premaxilUry  is  wanting,  but  tlte  adjacent 
I   s«xt:vie  uf  the  maxillary  remains. 

I'Yh9 fronto-niual  leptum  ia  convex  iu  transverse  section.  The  niaxil- 
t**-r^  bune  is  much  attuiiuated  anteriorly,  and  mipporta  thirteen  teeth. 
T,*'la«  ramu»  mandibuU  idlUgb  and  sleuder;  the  angle  U  quite  produced, 
,,  s^'smI  Ih«  median  articulation  indicates  considerable  mobility.  The  pala- 
\  ti**^  bniios  are  narrower  tlian  in  any  of  the  species  previously  described. 
1  TTxey  are  deeply  notched  for  union  with  the  pterygoids,  and  the  superior 
posterior  process  tei'minates  in  an  acute  cone.  In  front  of  the  articulation, 
tS>^  bone  is  a  vertical  plat«  slightly  coilcave  ou  the  inner  side ;  tlie  ante- 
i~Sor  half  is  subquadi-ate  in  section,  tlie  outer  face  aubvertioal,  the  iimer, 
ne^nlariy  rounded.  Tlio  inferior  surface  is  niarke<l  witli  a  groove  which 
r»ciiiBeM  from  tbe  inner  side  to  the  outer.  The  portion  on  the  outer  side  of 
fchia  gftwve,  ia  on  the  distal  third  of  the  bone  produced  downwards  into  a 
I»rT»Miinent  keel  or  ridge.  The  anteriorextremity  is  an  acute  point.  Each 
b«3ne  bears  eleven  teeth,  all  of  vhich  have  the  external  faces  of  their  roots 
^"^V^MMwd.  The  bones  arc  curved  outwardly  from  the  fourth  tooth  from 
^>^^^nd ;  opposite  the  sixth  there  ia  longitudinal  concavity  on  tlie  inner 

T*lie  occipital  region  and  suapensoria  are  not  present,  but  l>oth,  qaadraUt 
■^•wj*  found  iierfectly  preserved  excepting  the  thin  ala.  They  present 
•■^•rtMd  characters,  being  most  nearly  allied  to  those  of  L.  prori;/er  and  L. 
**«d««.  The  proximal  articular  surface  exhibits  an  obliquity  in  tbe 
^v^Uksverse  direction.  It  presents  a  large  exteroal  angle  which  instead  of 
»*»slng  nt"arly  at  right  angles  to  the  axis  of  the  main  portion  of  the  surface, 
**  nearly  iu  the  same  lints.  Tlie  decurved  posterior  hook  is  very  shoil. 
^*liG  distal  articular  surface  has,  like  that  of  other  Liodom,  a  small  trans- 
'*»e  extent,  and  ia  divided  by  a  concavity  into  two  tuberosities.  Tbe 
of  tbeee  receives  at  its  angle  the  prominent  narrow  portion  of  tlie 
1  ridge,  whicli  extends  from  the  external  proximal  angle.  The 
6  of  this  ridge  is  greater  than  in  any  other  species  except  L. 
ftr  ;  it  is  acuta  throughout  its  length  and  has  a  gentle  sigmoid  flex- 
The  basis  of  the  great  ala  includes  a  smaller  area  than  usual  and  is 
with  a  prominent  narrow  ridge  which  proceeds  from  inside  the 
'^'^faU  erect.  The  metal  crest  takes  the  place  of  the  "knob"  iu  such 
■^'••oWKtW  0»  M.  dtkayi,  it  projects  strongly  backwards  and  outwards  as 
^'*'  itaigle  of  two  ridges ;  the  inferior  being  acute  and  curved  and  termina- 
^*^  above  the  middle  of  the  distal  condyles.  The  meatal  pit  is  not  con- 
*'**led  between  ridges,  but  is  external ;  its  foi-m  is  peculiar,  being  a  nar- 
^^^**  oval,  three  times  as  long  as  wide,  directed  downwards  and  forwarda. 
"Bus  Uiv  cb&raciers  at  this  element  are  well  marked  among  those  per- 
**itiiBg  to  the  other  B|>ecieB. 

Thv  Mih  am  not  much  compressed,  and  bate  a  cutting  angle  on  tbe  an- 
**ricjr  and  posterior  margin*,  which  separale  nearly  equal  faoes, 

The  ttrttbral  erntrii  change  in  form  fmm  the  nutorior  to  the  posterior 
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regions.  Tlie  ball  of  the  axis  is  round,  those  of  the  vertebrae  early  sue 
ceeding  are  moderately  depressed.  The  balls  of  the  dorsals  are  transverM 
elliptic  with  a  slight  concavity  for  the  neural  canal ;  the  plane  a  little  ob 
lique  to  that  of  the  long  axis.  The  centra  are  more  depressed  posteriorly 
where  the  balls  of  the  dorsals  present  rounded  lateral  angles.  On  the  lum 
bars  preceding  the  caudals,  the  base  of  the  neural  canal  becomes  mon 
elevated,  and  the  articular  faces  assume  a  slightly  i)entagonal  outline 
This  foi-m  continues  as  far  as  our  specimens  of  caudals  extend.  On  thre^ 
liimbars,  the  centra  present  two  longitudinal  angular  ridges  below,  a 
whose  posterior  ends  the  chevron  articular  surfaces  appear  on  the  firs 
caudals.  All  present  an  incised  marginal  groove  to  the  ball.  The  sur 
face,  esi)ecially  the  inferior,  is  strongly  i*ugose  up  to  this  groove,  espe 
cially  on  the  dorsals. 

The  axis  is  much  shorter  than  in  any  other  species  hero  noted,  when 
known.  The  neui*al  spine  has  a  very  oblique  superior  margin  and  is  ex 
pauded  behind.  The  diapophyses  are  nanow,  and  continued  as  vertica 
plates  to  the  inferior  face  of  the  centrum  at  its  anterior  margin.  Th< 
diapophyses  of  the  other  cervicals  have  the  usual  horizontal  limb,  whicl 
is,  however,  shoi*ter  than  the  vertical  In  the  anterior  doi'sals,  they  ari 
directed  more  obli(iuely  upwards  and  are  longer.  These,  and  all  othe: 
dorsals,  maintain  a  connection  between  the  rim  of  the  cup,  and  thi 
anterior  basis  of  the  diap<)i)hysis  by  a  smooth  area  apparently  cappei 
by  cartilage  in  life,  as  exists  in  L.  curtiroatrU.  As  we  pass  posteriori] 
these  processes  descend,  and  becx^me  naiTOwer,  until  finally  they  thin  ou 
and  lengthen  into  the  ribless  diapophysis  of  the  lumbai*s.  Those  of  th< 
caudals  are  long  and  subcylindric.  Their  extremities  are  deeply  striata 
grooved.  The  neural  spuies  of  all  the  vertebne  are  longitudinaly  striata 
keeled.  The  zygapophysos  are  remarkable  for  their  narrow  fonn  an< 
surfaces.  The  atlas  is  shorter  on  the  outer,  and  longer  on  the  inner  fao 
than  in  X.  calidus.  This  is  caused  by  the  fact  that  the  posterior  articu 
lar  face  is  not  ti*ansverse,  but  veiy  oblique,  and  instead  of  being  vertica 
and  narrow,  is  obliquely  longitudinal  in  its  long  axis.  It  is  separate! 
from  the  inner  face  by  a  wide  rugose  groove  l)ehind  ;  its  lower  edge  send 
a  keel  downwards.  Tliere  is  no  process  at  the  thinned  infei'o-anterio 
angle. 

The  scapular  arch  was  small  especially  the  scapula,  wliich  isabsolutel; 
smaller  tlian  that  of  the  Uolcodus  ictericus,  a  vei*y  much  smaller  reptile 
The  posterior  margin  is  thickened,  the  anterior  thimier,  and  less  elevated 
The  superior  is  arched  upwards  and  backwards.  The  general  form  is  lea 
oblique  than  in  L,  ictericus.  The  coracoid  is  twice  as  large,  and  is  fla 
and  thin.  Its  inner  margin  is  regularly  convex,  the  posterior  concav 
and  thin,  the  anterior  thickened.     The  foramen  is  present. 

The  humerus  is  diflfercnt  in  form  from  that  observed  in  L,  crassartu$,  L 
ictericus,  ClidasteSf  etc.  It  is  relatively  less  expanded  proximally  am 
especially  distally ;  there  is  but  one  deltoid  crest,  which  is  proximal  am 
near  one  extremity  of  the  articular  surface,  and  disappears  into  the  gene 
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ral  plane  above  the  middle  of  the  shaft.  The  general  form  is  flat,  partly 
due  to  pressure.  The  distal  extremity  is  but  little  convex  and  displays 
-the  terminal  muscular  insertions  but  little  produced.  Near  the  inferior 
end  there  is  one  external  expansion  for  articulation  with  the  ulna. 

The  radius  is  lost.  The  ulna,  or  a  bone  which  is  like  that  regarded  as 
such  in  several  species  described  by  me,  has  the  extremities  in  different 
planes  which  cross  each  other  obliquely.  The  proximal  is  triangular  and 
^ery  wide,  too  wide  for  the  humeri  in  their  present  state.  It  is  also  too 
long,  leaving  but  little  space  for  a  radius.  The  distal  exti*emity  is  as  ex- 
panded, but  much  naiTower,  and  presents  too  articular  surfaces,  a  large 
and  wide,  and  a  narrow,  connected  by  a  wide  isthmus.  The  bone  was 
"taken  out  near  a  humerus,  but  not  in  position. 

The  pelvic  arch,  as  above  remarked,  was  found  perfect,  and  with  all  the 
elements  in  place,  with  a  femur  with  the  head  in  relation  to  the  acetab- 
ulum. The  articular  extremities  are  somewhat  depressed  and  do  not 
precisely  fit.  The  ilium  is  a  straight  flattened  bone,  dilated  moderately 
at  the  articular  extremity.  It  is  coarsely  rugose  strifite  at  both  extremi- 
ties. The  ischium  is  a  longer  bone  than  the  ilium,  is  more  slender,  and 
more  expanded  at  the  articular  extremity,  where  it  is  also  thickened. 
The  shaft  is  curved  so  as  to  be  sub-horizontal  in  i)Osition  ;  it  shows  no 
trace  of  union  with  its  mate.  The  jiuhis  is  a  broader  bone,  with  the  axis 
transverse  to  that  of  the  body,  and  sigmoidally  curved,  first  slightly  for- 
ward then  gently  backwards.  The  common  suture  is  about  as  witlo  as 
the  proximal  extremity.  The  posterior  margin  is  somewhat  thickened  ; 
the  anterior  is  produced  into  a  process  directed  forwards,  which  is  the 
homologue  of  that  seen  in  the  Testudinata,  It  is  connected  with  the 
distal  end  by  a  thin  concave  margin. 

The  femvr  is  rather  more  slender  than  the  humerus ;  the  distal  ex- 
tremity is  about  as  much  dilated,  the  head  less  so.  The  great  trochanter 
is  a  thick  convex  ridge  with  a  ti-uncato  discoidal  articular  extremity, 
which  is  nearly  separated  from  the  head  by  a  groove.  Both  extremities 
are  moderately  convex.  The  fibula  is  similar  to  that  of  other  species  in 
its  broad,  three-quarters  discoidal  fonn.  Both  articular  surfaces  are 
strongly  convex  and  are  continued  on  the  inner  side  on  the  thinned  inner 
border.  The  external  margin  is  thickened  and  deeply  concave,  and  with- 
out tuberosity.  The  tibia  is  a  more  slender  clement  with  sub-cylindric 
shaft  and  much  expanded  extremities.  The  proximal  is  oval  and  is  con- 
tinued as  a  narrow  ridge  on  the  inner  side,  for  contact  with  the  cone- 
sponding  ridge  of  the  fibula.  The  distal  extremity  is  an  equilateral 
spherical  triangle,  of  which  the  inner  angle  is  on  a  different  plane  from 
the  remainder. 

The  pTtalanges  are  slender  with  cylindric  shafts  and  expanded  extremi- 
tiea^  which  support  oval  articular  surfaces.  Those  of  the  two  extremities 
i^ppear  to  be  similar.  The  distal  ones  are  extremely  small  and  flat,  with 
expanded  extremities. 

Of  doubtful  bones  may  be  mentioned  two  with  flat  expanded  distal  ex- 
tremity  and  thick  proximal,  bearing  an  oval  articular  surface,  with  an 
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angulate  extremity  which  terminates  in  a  thin  edge.  The  form  is  like 
tliat  of  a  narrowed  radius  of  L.  ictericu9,  but  it  is  much  too  short  for  the 
ulna.  As  it  was  found  with  the  scapula,  it  is  probably  a  portion  of  the 
fore  limb,  and  hence  may  be  a  metacarx>al.  A  somewhat  similar  but 
narrower  bone  may  be  metatarsal.  A  piece  which  is  probably  the  free 
hypopophysis  of  the  atlas,  is  a  transversely  elliptic  piece  with  an  oblique 
smooth  articular  face  at  one  end.  The  posterior  face  rugose,  the  inferior 
with  a  flat  truncate  process  directed  downwards  and  backwards.  If  cor- 
rectly identified,  its  great  peculiarity  consists  in  its  thinness  anteropo»- 
teriorly,  and  the  large  process. 

In  comparing  this  species  with  the  L.  proriger,  its  nearest  ally,  I  have 
already  observed  the  difference  in  the  form  of  the  articular  surfaces  of 
the  cei*vical  vertebras,  which  is  in  that  species  vertically  oval ;  the  present, 
transversely  so.  The  comparison  is  made  between  posterior  cervicaLs  of 
both,  which  in  L.  dyspelar  are  less  depressed  than  the  others.  As  it  is 
possible  that  the  form  in  the  tyi)e  example  of  L,  proriger  may  be  slightly 
affected  by  pressure,  I  compare  other  points.  Thus  the  palatine  bones 
are  more  slender  anteriorly,  and  the  outer  edge  descends  lowest  in  a 
ridge  ;  in  Z.  proriger  inner  is  produced  downwards  as  a  longitudinal  rib. 
In  this  species  there  are  eleven  teeth  ;  in  that  one,  nine.  The  quadrate 
bone  of  L.  proriger  presents  a  longer  external  angle,  and  more  prominent 
external  ridge,  with  smaller  space  enclosed  by  the  bases  of  the  greater 
ala.  My  statement  in  a  published  letter  to  Professor  Lesley,  that  the  ends 
of  the  mandibles  were  acute,  thus  differing  from  L,  proriger,  is  an  error, 
due  to  my  having  mistaken  the  palatines  for  the  dentaries  on  a  cursory 
examination  in  the  field.  The  posterior  extremity  of  these  bones  in  Z. 
proriger  is  unknown. 

The  only  si)ecies  whoso  doi-sal  vertebraa  are  known  to  resemble  in  the 
stoutness  of  their  form  those  of  L.  dyspelor,  is  L,  crassarius ;  the  mani- 
fold diffei-ences  of  the  latter  will  be  at  once  discovered  on  reading  the 
description  already  given. 

Mea%uremenU. 

M. 

Atlas  length  inner  articular  face 0.065 

**        "      posterior   "        **     054 

''     depth  "        ''        ''     037 

Axis  length  at  middle  of  side 075 

depth  anteriorly 081 

elevation  neural  spine 075 

width  "  **    (plane) 045 


**    diimeter  hill  {  ^'^^'^ical 07 

diameter  ball  j  ijorizontal 07 

Cprviril     "        *«     i  vertical 060 

Cer\  ital  j  horizontal 076 

'*         length 09 

vertical 065 

orizontal 0^7 


zVnterior  dorsal,  diameter  ball  \  ? ' 
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MeasuremenU.  M. 

Anterior  dorsal,  length  below  (with  ball) 10 

"  "  **       diapophysis 047 

"  "        depth  "  04 

Posterior    **        length  centrum 097 

vertical 076 

horizontal 105 

**  "        height  neural  spine  (of  another) 12 

Lumbar  length  centrum 09 


"         "       diameter  ball  •} 


"     diameter  ball  i  vertical 073 

diameter  Dall  |  horizontal 09 

"     length  diapophysis 096 

Caudal  (anterior)  length  centrum 073 

<<      A^^^^.  u„ii  i  horizontal 085 

depth  baU  I  ^^rtj^l 075 

length  diapophysis 12 

*i  (posterior)     "     centrum 067 

"  "  **     diapophysis 10 

Caudal  (posterior)  height  neural  spine 087 

"     "     '»»-«*«'^-MhSnui-;:::::::;:::::  Z 

Maxillary  bone,  length 65 

"        length  basis  of  two  teeth  (largest) 09 

Mandible,  depth  behind  cotylus 11 

**         length      "  "      11 

Width  nasal  septum 021 

Length  palatine  on  tooth  line 38 

Depth  **      at  third  tooth  from  front 039 

Quadrate  length 15 

"  **    external  angle 029 

"        width  face  from  meatus  to  external  ridge 029 

"  **     area  of  basis  of  ala 04 

"  "     at  condyles 07 

Scapula,  height  (axial) 12 

"      width 183 

Coracoid,    "    187 

"        length 20 

**       thickness  at  cotylus 027 

umerus,  length 189 

**        proximal  width 12 

"        distal  "     127 

length 179 

"        width    i  proximal 115 

wiatn    ^^g^i ^^Q 

"       thickness  proximally 06 

ium,  length 245 

«     width  i  proximal 039 

^^"*  t  di  stal 178 
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Ischium,  length  on  cuiTe 350 

"        width    i  Proxinia^ 018 

^^^^^    t  distal 087 

Pubis,  lengtli  (stmight) 195 

"  "      to  anterior  process  (axial) 125 

"    ^vidth  jsr"^""* SS 

(  distal 0<o 

Femur,  length 185 

i  proximal 003 

"        width    I  median 004 

(  distal 130 

Fibula,  length 116 

"        width    iP!™al 100 

(  distal 118 

'*        proximal  thickness 052 

**        median  width 08 

Tibia,  length 103 

C  proximal 045 

"       width  <  median 025 

( <listal a*52 

"  "-'^"-  {Si:;:^"!^!:::::::::::::::::::::::::::::  f^ 

Phalange  (posterior),  length 08 

**        terminal  **       015 

Estimated  lengtli,  cranium  (live  feet) 1.510 

'*  total  length 75  feet. 

This  siHJCimen  does  not  ai»pear  to  he  quite  as  large  as  the  type,  wliicli 
came  from  Fort  McUae,  New  ^lexico.  The  diametei-s  of  the  veilebral 
centra  ap^Hjar  to  be  larger  in  proi>ortion  to  the  length  of  the  citinium  than 
in  the  MostiHanrnA  dtkayiy  hence  probably  the  body  had  a  greater  diame- 
ter. In  estimating  its  length,  reference  is  had  to  the  relations  in  size  of 
tlu'  caudal  vertebne  of  the  Xy\Ki  of  L.  proriffcr  and  to  the  caudal  series  of 
a  small  Liodon  found  on  the  bluffs  of  Butte  Creek.  The  caudal  vertebne 
an-  <|uite  similar  to  those  of  the  fomier  ;  in  the  latter,  a  series  of  thirty 
ci-ntra  exhibit  very  little  diminution  in  size.  On  such  a  basis  the  length 
would  be  about  seventy-five  feet. 

portions  of  a  second  individual  of  this  sixjcies  or  of  L,  proriyerj  were 
fotuHl  on  Fox  Canon.  They  belonged  to  a  larger  animal,  one  equal  to 
the  New  Mexican  first  described.  Professor  Mudge  has  fragments  of  still 
larg(;r  sjHicimens. 

The  i»rincipal  specimens  above  descril)ed  was  excavated  from  a  chalk 
bluH'.  Fragments  of  the  jaws  were  seen  lying  on  tlie  sloix),  and  other 
jiortJoriM  entered  the  shale.  On  being  followed,  a  part  of  tlie  cranium  was 
tdkffii  from  l>eiieath  the  roots  of  a  bush,  and  the  vertebrae  and  limb  bones 
>Nim'i  found  further  in.  The  vei-tebral  series  extended  parallel  witli  the 
onlr.rop  of  the  beds,  and  finally  turned  into  the  hill  and  was  followed  so 
fiii-  (IN  tiino  would  permit.  It  was  abandoned  at  the  anterior  oaudal  ver- 
Uihrat,  for  more  favorable  circumstances,  or  a  more  persevering  excavator. 
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Tlic  outcrop  of  the  stratum  was  light  yellow.  The  concealed  part  of 
tlie  l>cd  was  bluish.  Yellow  chalk  left  on  the  specimens  in  thin  layers 
became  white  or  nearly  so.  The  yellow  and  blue  strata  are  definitely  re- 
lated in  most  localities,  the  former  being  the  superior,  but  in  others  they 
pa.>^3e<l  into  each  other  on  the  same  horizon. 


Stated  MeeUvg^  January  bth^  1872. 
Present  14  members. 

John  C.  Cresson,  Vice-President,  in  the  chair. 

Letters  of  acknowledgment  were  received  from  Professor 
l-<:i\^-i8Strohmeyer,  Dee.8th,1870(81,82,Proc.  A.P.S.),  Bostcm 
I*ut>lic  Library,  Dec.  19, 1871,  R.  Saxon  Society,  Feb.  8,  and 
July  8, 1871  (84, 85,  Trans.,  Vol.  XIV.,  i.  ii.),  Natural  History 
^^ciety,  Bremen,  Aug.  29,  1871  (83,  84,  85)  Profassor  Fre- 
rielis,  Feb.  8, 1871  (83,  84,  85),  R.  Bavarian  Academy,  Sept. 
IS,    1871  (83,  84,  85,  XIV.,  i.  ii.),  R.  Observatory,  Municli, 
Aug.  14,  1871  (83,  84,  85),  Imperial  Russian  P.  C.  Observa- 
tory, March  13,  1871  (62,  73, 74,  78,  81, 82,  Trans.  Vols.  I.  to 
■*^-X!.,  and  XIIL,  iii.),  Bordeaux  Society  of  Sciences,  Xov.  10, 
1871  (82  to  85),  R.  Academy,  Berlin,  Aug.  9,  1871  (83,  84, 
^•^,  XII.  i.,  XIV.  i.  ii.),  Imf)erial  Observatory,  Prag.,  Aug.  10, 
1871  (83,  84,  85,  XIV.  i.  ii.) 

Letters  of  envoy  were  received  from  the  Chief  of  U.  S.  En- 
r^^ueers,  Washington,  Dec.  21, 1871,  and  from  the  Imperial 
^  •  C.  Observatory,  St.  Peteraburg,  Aug.  16, 1871. 

Donations  for  the  Library  were  announced  from  the  pub- 

^^shers  of  the  Flora  Batava,  and  Dr.  Schotel,  P.  C.  Observa- 

^^^',  St.  Petersburg,  Academy  and  Observatory  at  Munich, 

^^Wieties  at  Bonn  and  Bordeaux,  Geographical  Society  and 

School  of  Mines  at  Paris,  Mr.  Stephenson,  M.  P.  Newcastle- 

^^-Tyne,  London  Nature,  R.  Astronomical  Society  ,the  Xat  ural 

Distorj'  Society  at  Bagota,  S.  A.,  the  Massachusetts  Historical 

^iety,  Boston  Library,  Old  and  New,  Silliman's  Journal, 
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Chief  of  U.  S.  Corps  of  Engineers  and  Colonel  Williamson^ 
the  U.  S.  Coast  Survey,  Dr.  Genth,  Dr.  Hay  den,  Mr.  Thos. 
Tennant  of  San  Francisco  and  Mr.  Stephen  Olney  of  Provi- 
dence, R.  I. 

Mr.  Chase  for  the  Committee  on  the  Paper  on  Knights' 
Tours,  reported  progress. 

The  death  of  Robert  S.  Breckinridge,  a  member  of  this 
Society,  at  Danville,  Ky.,  on  the  26th  Dec,  1871,  aged  71 
years,  was  announced  by  the  Secretary. 

The  death  of  Professor  Franz  Bopp  at  Berlin,  was  an- 
nounced by  letter. 

Mr.  Eli  K.  Price  read  a  paper  on  some  Phases  of  Modern 
Philosophy,  the  discussion  following  which  was  postponed  to 
the  next  meeting. 

The  Chairman  of  the  Finance  Committee  presented  its 
Annual  Report.,  and,  on  motion,  the  appropriations  recom- 
mended therein  for  the  ensuing  year  were  passed. 

Mr.  Lesley  was  nominated  Librarian  for  the  ensuing  year. 

Pending  nominations  679  to  688,  and  new  nomination  S'o. 
689  were  read. 

The  Reports  of  the  Judges  and  Clerks  of  the  Annual  Elec- 
tion was  read,  and  the  following  named  persons  were  reported 
officers  for  the  ensuing  year : 

President^  George  B.  Wood. 

Vke-Presidrnts^  John  C.  Cresson,  Isaac  Lea,  Frederick 
Fralev. 

Secretaries^  Charles  B.  Trego,  E.  0.  Kendall,  John  L.  Le 
Conte,  J.  P.  Lesley. 

Curators^  Joseph  Carson,  Elias  Durand,  Hector  Tyndale. 

Councillors  to  serve  three  years^  Daniel  R.  Goodwin,  Eli  K^ 
Price,  W.  S.  W.  Rushenberger,  Henry  Winsor. 

And  the  meeting  was  adjourned. 


Jan.  5,  1S72.] 
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SOME  PHASES  OF  MODERN  PHILOSOPHY. 

By  Eli  K.  Prick. 
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{Bead  before  the  American  Philosophic  Society,  January  oth,  1872. 'l 

'*  I  am  a  brother  to  dragons,  and  a  companion  to  owls.''  So  Job  wa 
cronstrained  to  say  in  the  hour  of  his  great  afflictions  :  so  others  now  sa 
i  ndiiced  only  by  speculative  philosophy. 

The  tendency  of  much  of  the  modem  natural  and  physical  philosoph 
i  «  to  degrade  our  humanity,  and  to  dispense  with  the  belief  of  a  Creatoi 
XDelvers  in  a  special  field  are  not  content  to  exliibit  what  they  tind  for  th 
-■.ise  of  those  who  are  farther  advanced  and  prepared  to  take  a  broadc 
s^nrvey  from  a  more  elevated  heiglit ;  but  they  theorize  and  make  tliei 
msdiictions  from  facts  too  few  and  inadequate  for  the  conclusions  drawn 
rrbe  result  cannot  l>e  truth,  but  error.  Tlieories  no  built  are  raised  to  b 
^-luickly  thrown  down.  They  are  the  least  fit  to  sunive  in  the  struggle 
of  science. 

All  carefully  observed  and  tnie  facts  philosophy  must  receive  an^ 
m-«gister  for  her  legitimate  uses.  But  if  pliilosopliei*s  be  not  certain  of  th 
t^ruth  of  facts,  and  have  not  all  that  are  requisite  for  tnithful  conclusion* 
tl^ey  violate  the  fundamental  canon  of  philosophizing  :  they  neccssaril 
j£tnd  in  error,  and  biing  repreach  and  ridicule  upon  philosophers  an 
l>liilosophy.  Much  labor  and  exi)ense  of  printing  are  wasted,  while  stv 
tf  lents  are  misled,  science  is  obstnicted,  and  it  is  made  necessary  for  th 
lovers  of  truth  in  the  next  to  coiTect  the  errors  of  tliis  generation. 

I.   The  first  subject  to  which  I  would  now  ask  your  attention  is  that  c 
^]3ozitaneou8  Generation.     Dr.  Erasmus  Darwin  had,  at  the  close  of  th 
Inst;    century,  ascribed  to  Nature  the  power  of  spontaneous  generation 
thus  concludes : 

"  Hence,  without  parent,  by  spontaneous  birth. 

Rise  the  first  specs  of  animator!  enrtli ; 

From  ?fature*s  womb  the  plant  or  insect  swim-i. 

And  buds  or  breathes,  with  microsci^pic  limbs.** 

[The  Temple  of  Sature]. 
"  Organic  life  beneath  the  shoreless  waves 

Was  bom,  and  nurs'd  in  Ocean's  pearly  caves."— [J&i<f]. 

lit  he  bad  the  imagination  of  the  poet ;  and  his  imagination  some 
S8  assumed  his  facts. 

lere  is  a  present  effort  to  go  a  step  further,  and  prove  that  life  c^i 
X^rodnced  by  man  from  matter,  without  propagation  from  otlier  life 
if  you  add  to  this  the  theory  of  evolution,  by  which  all  complicate< 
is  derived  from  first  simple  forms,  we  have  two  theories,  which,  take 
r,  will  account  for  all  life,  without  a  Creator.    Tliere  are,  howevei 
things,  like  perpetual  motion,  so  contrary  to  nature,  as  not  to  b 
^'^ Alible,    The  feet  of  spontaneous  generation  has  not  yet  been  satisfac 

—  P.  8. — ^VOL.  XII— 2k. 
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torily  proved ;  and,  it  is  believed  by  those  best  enabled  to  form  a  correct 
opinion,  will  never  be  proved.  The  life  produced  by  the  experimenter 
is,  no  doubt,  but  a  process  of  developing  seeds  or  spores,  or  of  hatching 
^SS^  ^^^  exist  invisibly  in  the  atmosphere,  and  within  the  tube  used  iu 
tlie  experiment,  and  from  which  they  had  not  been  perfectly  expelled. 
And  well  it  is  that  life  is  not,  and  caimot  be,  spontaneous,  for,  if  noxiouis, 
and  no  law  of  reproduction  restrained  the  increase,  there  could  then  bo 
no  hope  of  its  effectual  extermination  ;  but,  if  depending  ui)on  parental 
pi-oduction,  when  you  destroy  tlie  parents,  you  destroy  the  pestiferous 
succession.  This  was  the  basis  of  tlie  confidence  of  Pasteur  in  his  suc- 
cessful researches  and  efforts  to  find  out  and  destroy  the  parasite  that 
destroyed  the  silk-worms  in  France. 

It  is  also  the  hoi)e  of  mankind  to  escape  contagious  diseases,  that  pro- 
ceed from  genns  that  ever  re-produce  the  same  disease,  be  it  small-pox, 
scarlet  fever,  or  cholera,  or  other  plague,  for  the  spread  of  which  the  cor- 
rupted air  becomes  the  fitting  propagating  medium. 

If  new  generation  were  possible,  tlieixj  would  result  confusion  ;  it  should 
be  bound  by  no  rule  if  not  produced  in  the  coui-se  of  nature  ;  there  could 
never  then  be  scientific  classiMc^ition  into  genera  and  species,  and  all  order 
antl  hamiony  would  become  impossible.  It  is  a  necessaiy  ordination  of 
tlie  Author  of  nature  that  generation  should  come  from  a  living  parent- 
age, and  that  parents  should  ever  produce  their  like.  Such  we  know  to 
he  nature's  proceduie.  Such  process  must  proceed  by  law,  that  the  pro- 
geny shall  be  like  their  parents,  and  of  different  sexes,  and  such  law  and 
such  sure  observance;  of  law,  imply  an  intelligent  Creator,  who  never 
ceases  to  watch  over  his  creirtiou.  Life  has  Iwen  on  the  earth  in  coiuitless 
forms,  and  in  infinite  multitudes,  through  nearly  all  the  geological  forma- 
tii>ns  from  water  dcpositicm,  and  ever  since  ;  but  none  of  that  life  has 
been  thought  to  be  spontaneous,  except  in  the  imagination  of  the  poet,  or 
of  the  fanciful  theorist.  All  except  the  first  of  each  kind,  for  which  wo 
infer  a  Creator,  came  by  gcnemtion,  from  parental  genns  and  ova,  as  we 
must  believe  from  observation;  or  by  fission,  which  but  subdivides  life 
and  thereby  multiplies  it.  It  is,  however,  now  announced  in  this  age  of 
great  discoveries  that  man  can  pnKluce  life  where  no  life  was. 

Dr.  Bastian  has  made  numerous  exjwriments  and  written  a  book  on 
**Tlie  Modes  of  Origin  of  Lowest  Organisms,"  and  l)elievos  tliat  ho  has 
l)roduced  them  de  noco^  "independently  of  i)re-existing  living  matter." 
Hut  his  book  makes  necessiiry  admissions  that  must  go  far,  if  not  quite, 
to  destroy  his  theory.  All  the  living  organisms  which  ho  produced  had 
been  before  known  as  existing  in  the  course  of  nature,  and  had  been 
named.  Tliey  are  called  Bacteria,  Torul<je,  Vihrones,  Leptothrix.  But 
why  were  these,  and  but  these,  produced,  unless  they  had  a  parentage 
through  germs  containing  life?  Why  not  something  new?  Certainly 
these  were  not  new  creations  of  life,  but  something  re-produced  that  had 
l>efore  their  given  law  ;  and  it  is  easier  for  the  scientific  mind  to  believe 
that  the  parental  germs  had  not  l)een  removed  by  the  experimenter,  than 
that  he  had  witnessed  a  new  production  of  life.     This  view  is  well  con- 
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firmed  by  this  statement  of  the  author :  ^^Bacteria,  Torula,  or  other  li\-iiig 
things  which  may  have  been  evolved  (U  novo,  when  so  evolved,  multiply 
and  reproduce  just  as  freely  as  organisms  that  have  been  derived  from 
parents,"  p.  3.  Now  what  lining  thing  or  creature  in  all  nature  ever 
has  propagated,  or  can  propagate  its  kind,  except  it  has  inherited  that 
power  from  a  living  parent?  From  the  beginning  it  has  been  that  the 
gi*ass,  or  herb,  and  fniit  tree,  ** whose  seed  is  in  itself,"  has  yielded 
** fruit  after  his  kind;''  and  the  living  creatures  have  ** brought  forth 
abundantly  after  their  kind,"  and  only  so  have  they  replenished  the  earth. 

Professor  TyndalVs  article  "Dust  and  Disease,"  is  commended  to  the 
student  who  would  learn  how  all  pervading  in  the  air  of  London  are  the 
.seeds  of  life  and  of  disease.  {Fraf/ments  of  8ciei\ce,  277.) — Stating  the 
result  of  experiments,  he  says,  "The  whole  of  the  visible  particles  Heat- 
ing in  the  air  of  London  rooms  being  thus  proved  to  be  of  organic  origin." 
(p.  279,)  "The  air  of  our  London  rooms  is  loaded  with  this  organic  dust ; 
nor  is  the  country  air  free  from  its  presence."  (p.  285.)  And  hence,  no 
doubt,  the  ova  were  hatclied  by  Dr.  Bastian,  or  tlie  genns  made  to  grow . 

Sir  William  Thomson  in  his  recent  address,  as  President  of  the  Britisli 
Association,  (Nature,  Augusts,  1871,)  adds  his  authority  to  that  of  tlie 
opponents  of  si)ontaneous  generation.  "Science  brings  a  vast  mass  of 
inductive  evidence  against  this  hypothesis  of  spontaneous  genei-ation,  as 
you  have  heard  from  my  predecessor,  (Professor  Huxley,)  in  the  presiden- 
tial chair.  Careful  enough  scinitiny  has,  in  every  case,  up  to  the  present 
day,  discovered  life  as  antecedent  to  life.  Dead  matter  cannot  become 
living  without  coming  under  the  influence  of  matter  previously  alive. 
This  seems  to  me  as  .sure  a  teaching  of  science  as  the  law  of  gravitation.'' 
*  *  *  "I  confess  to  being  deeply  impressed  by  the  evidence  put  befoi*e 
us  by  Pi-ofessor  Huxley,  and  I  am  ready  to  adopt,  as  an  article  of  scien- 
tific faith,  true  through  all  space  and  all  time,  that  life  proceeds  fix)ni 
life,  and  nothing  but  life."  Yet  he,  so  true  and  wise  in  this  induction, 
did  not  close  that  same  address  without  falling  into  an  egregious  blunder, 
eliciting  instant  dissent  and  derisive  laughter,  followed  by  the  universiil 
condemnation  of  the  scientific  press.  He  too  would  dispense  with  a 
Creator,  at  least,  on  this  planet,  for  he  made  the  suggestion  that  the  tiist 
life  came  to  our  world  by  a  falling  Aerolite,  though  it  came  fused  by  heat  I 
But  tliat  was  only  to  transfer  creation  to  another  planet.  Tliis  suggestion 
of  course  committed  the  learned  President  to  the  extremes  of  tlie  evolu- 
tionary theory,  was  to  say  that  from  such  Ufe  as  could  be  borne  hither  by 
an  aerolite  all  other  life  on  earth  has  come  and  been  develoi)ed  upwards 
to  man.  Of  this  theory  let  us  next  speak,  but  first  pausing  to  declare 
our  faith  that  life  came  only  from  God,  and  by  Him  alone  is  ever  protected 
and  preserved. 

n.  The  theoiy  of  evolution  as  announced,  seems  to  have  been  carried 
to  an  extravagant  extreme.  Its  agencies  are  chiefly  two  :  natural  selec- 
tion, and  sexual  selection.  The  life  that  is  best  fitted  to  endure  will  live 
the  longest ;  and  the  weakest  will  soonest  perish  ;  and  that  which  man 
takes  best  cai-e  of  and  most  proimgates  is  most  likely  to  live  in  perpetuity. 
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while  that  which  he  destroys,  because  hurtful,  is  most  likely  to  perish ;. 
and  this  is  natiiral  selection,  and  to  a  limited  extent,  it  is  obvious  to  all. 
The  sexual  selection  is  that  which  the  male  or  female  makes  when  mating. 
The  latter  influence  can  have  no  place  in  the  vegetable  kingdom,  for  in 
it  there  is  no  will  to  exert  selection  ;  and  there  is  very  little  of  it,  indeed, 
below  man  in  the  animal  kingdom  ;  for  what  female  is  there  in  it,  unre- 
strained by  man  that  finds  not  her  sufficing  mate,  be  she  beautiful  or 
plain  ?  Natiire  is  not  checked  in  her  purpose  of  multiplication,  when 
free,  for  want  of  masculine  co-operation,  for  it  superabounds.  The  seeds 
of  life  are  always  superabundant.  All  the  fanciful  writing  upon  this 
subject,  the  motives  for  the  mating  of  birds  and  quadrupeds,  by  the 
attractions  of  symmetry  and  beauty  of  plumage  or  color,  seem  quite  unim- 
portant :  where  all  mate  sexual  selection  effects  nothing.  The  real  check 
to  increase  comes  from  want  of  food,  severity  of  climate,  disease,  and 
enemies,  which  spare  not  symmetry  or  beauty,  and  not  from  any  failure 
to  Ikj  selected. 

Nothing  is  more  cei*taiu,  however,  than  that  as  far  as  man  ezercisefr 
a  dominion,  by  the  culture  of  plants  and  breeding  of  animals,  he  does 
greatly  increase  some  in  numbers  and  quality,  and  he  diminishes  others. 
He  practices  great  partially.  The  flowers  and  fruits,  and  vegetables  and 
grains  that  best  plcaso  and  nourish  him,  he  will  most  cultivate,  and 
destroy  all  things  that  most  obstruct  their  growth.  The  birds,  fowls  and 
animals  that  are  most  useful  and  please  him  best,  he  also  breeds  and 
greatly  multiplies,  and  ho  destroys  their  enemies.  The  cattle  on  a  thous- 
and hills  are  justly  for  its  use,  because  they  are  bred  and  fed  by  liimself 
to  do  his  labor  and  be  his  food  ;  and  his  care  and  skill  make  it  sure  that 
they  shall  be  the  best  fitted  f<ir  his  pui*poses.  And  this  is  also  called 
natiiral  selection  ;  although  it  is  the  result  of  man^s  skill  exerted  upon 
nature  and  the  laws  that  govern  nature.  Its  eftect  is  gi-eat,  but  is  not 
unlimited,  and  is  subject  to  i*evei*sal  when  man  ceases  to  exert  his  care 
and  skill. 

There  is  tnily  a  law  of  natui-e  in  propagation,  that  each  species,  and 
each  pair  of  individuals  shall  produce  a  progeny  like  themselves.  Man 
selects  the  parental  pairs  of  the  qualities  he  desires,  and  his  hopes  are 
seldom  disapixointed.  He  i-ei)eats  the  process  until  he  arrives  at  the 
highest  iHJi-fection  in  view  that  is  attainable  ;  hence  our  fleet  race  horses, 
our  strong  draught  horses  ;  and  also  our  finest  breeds  of  cattle  and  sheep, 
selected  with  a  view  to  their  qualities  for  milking,  clip  of  wool,  or  beef, 
or  mutton.  Thus  the  wild  animals  are  inestimately  improved  !  And  so 
with  these  and  other  purposes,  and  the  large  indulgence  of  a  capricious 
fancy,  have  pigeons,  poulti^y  and  dogs  been  improved,  or  greatly  changed 
in  their  varieties,  until  it  is  made  a  question  whether  such  variations  have 
nut  been  can-ied  to  the  length  of  making  new  species.  Tlie  success  of 
such  i)rc>ceeding  has  been  made  the  basis  of  a  theory  so  extreme,  that  it 
at  (mce  thi-eatens  to  destroy  the  classifications  of  science,  and  the  religious 
faiths  of  mankind. 

It  is,  indeed,  also  true,  that  the  like  inheritable  qualities  exist  in  the- 
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Inunaa  species,  aud  if  men  mid  women  were  as  caieful  iu  iniiliuBt  iismeu 

m  wUbu  breeding  tlieir  horses,  cattle,  skeep  and  pigs,  to  considat  wlietlioc 

tilose  they  select  are  wall  endonod  vritli  bodily  and  mental  pvi-Teotions, 

thephjaical  uid  m()ral  qiiaUtieHoffeniilies  might  also  be  alike  improved  ; 

thODgh  the  uoattractive  amoug  mankiud  would  still  uot  be  disappointed 

is  tiid  oppurttiiiity  of  mating,  if  they  have  the  means  of  liveliliood  or 

tite  ability  tu  win  it ;  the  want  of  which  constitutes  tlKMnuBlscnoiis  check 

Co  matrimony  and  the  inore»Jie  of  population.     But  mankind  ttre  neither 

so  cnivAil  in.  eelectiii^  what  shall  he  the  qualities  of  the  father  or  mother 

of  their  ubildren,  as  farmers  are  of  the  pedigree  of  their  stock ;  tior  are 

men  or  women  eo  careful  of  their  own  trainiiif;  and  feeding,  and  tlie  pivser- 

vatiou  Dftheirhealtli  and  beauty  by  tempei-anceaudosorcise,  sothatthey 

nn>  more  derelict  in  duty  to  themselves  tluui  to  tlieir  animals,  and  the 

raoe  lias  not  hceu  improved  as  it  should  have  been.    Yet,  it  may  well  be 

•jHCstioned  whether  thchumani-aeeisimprovedin  tlie  aggregate  hy  sexual 

tMiloction,  sijice  genenUly  men  and  women  do  marry,  and  shice  the  women 

who  f^il  to  marry  &om  the  absence  of  pei-sonal  atti-actiun,  are  prohnbly 

otituiunbei-ed  by  tliose  whose  personal  attractions,  combined  with  their 

nioinl  weakness,  causes  them  to  become  the  vlctimauf  "  the  social  evil," 

of  which  atei^Uty  is  one  of  the  retributions.     Yet  the  race,  is  undergoing 

I      ■»  ooustant  phyaicBl  and  moral  improveraeut ;    but  it  proceeds  from 

I      <^ttriAtiaD  civilization  ;  a  civilization  that  does  believe  iu  an  ever-living 

I      'vnratcliAil  Creator,  and  that  would  suffer  terrible  rclai>sc,  ifthat  belief  weiv 

lost.     This  is  said  on  the  proof  of  bouudlcfw  facta, 

If  w«  consider  the  cunditioiiH  of  all  life  a«  found  in  nature,  before  man 
t:>«>);ftD  to  reduce  it  to  his  dominion,  and  the  methods  of  Ids  procedure  and 
its  resulttj,  juat  as  the  evolutionists  have  described,  we  aholl  be  able  to 
"V^lue  their  BcieutlHo  signihcauce,  and  to  lest  the  trutli  of  the  theory 
riiise<l  upon  tlio  narrated  facts.  Darwin  In  selecting  Ilia  lliustratjous  says, 
ZK8  to  doge  and  their  various  breeds,  "  that  somesmaU  part  of  llie  difference 
Ss  due  to  tlieir  having  descended  fVom  distinct  ai>ecie8 ;"  "In  regoi'd  tu 
^^«ep  and  gonta  I  can  form  no  decided  opinion."  The  humped  Indian 
<^nttlD  have  a  dilferent  origin  fVora  the  European  cattle,  which  ara  supposed 
*"to  have  had  two  or  three  wild  prc^enitors."  With  respect  to  horses  he 
^uys,  ''lamdoubtfhily  inclined  to  believe,  in  opiiositiou  to  several  authors, 
^hat  all  tlie  races  boluiig  to  the  same  species."  Asto  fowls,  "itappeai's 
%o  me  almost  certain  that  all  are  descendants  of  the  wild  Indian  fowl." 
^s  todueksand  rabbits,  "the  evidence  Uclear  that  they  are  alldescended 
Thnn  the  common  wild  duck  and  rabbit. "  "Great  as  tlie  differences  ara 
twtwe^n  the  breeds  of  pigeons,  I  am  fully  convinced  that  the  common 
cipinlon  of  natumlists  ia  eorivct,  namely,  tliat  all  are  desoeiided  from  the 
xtMik  pigeons," — Darwin  on  Origin  of  ^peciea,  p.  30  to  3S.  Now  what 
fa  the  Import  of  this?  Flrat,  tluit  I>y  nature,  ur  the  Cause  of  nature,  wlien 
^^BGtj)tapeT«r  man  has  not  interfered  to  modify,  the  demarcations  of  8i>eules 
^^^^^■bMD  well  and  persistently  dellited.  Through  all  the  geologicitl  ages 
^^^^^Bownwitrd  to  the  time  |ii-csent,  ttie  operations  of  nature,  when  let 
^^^^^Kweieuid  are  simple  and  true,  witliout  tendency  t 
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acting  under  a  power  that  ever  corrected  them.  The  wild  progenitors 
\vei*e  without  variations ;  in  that  state  new  species  were  not  formed  by 
process  of  variations  ;  nor  was  there  transition  by  gradual  change  from  a 
lower  to  higher  si>ecies  ;  nor  do  geology  and  history  affoixi  the  proof  of  such 
change,  and  the  tlieory  dei)ends  upon  conjecture  asserted  against  the 
truth  of  oiu*  obsei-vatious  and  just  inferences,  that  nature  has  always 
operated  as  we  see  her  now  do  in  those  vast  domains  of  ocean,  mountain 
and  foi-est,  that  lie  beyond  the  interference  of  man.  With  the  living 
ife  of  the  oceans  man  can  do  nothing  except  slightly  to  diminish  the 
numbers  of  whales  and  fishes,  and  tliei*c  the  processes  of  nature  go  on 
without  change  ;  and  so  has  it  ever  been  in  the  deep  i-ecesses  of  forest  and 
mountains  yet  unpeneti-ated  by  man,  or,  if  the  scientific  adventurer  has 
penetrated,  it  has  been  to  leave  no  trace  of  his  power  there.  It  has  been 
man  only  that  has  disturbed  the  truthful  proceedings  of  nature  ;  modified 
them  for  his  own  benefit. 

Again,  it  is  to  be  considered  that  all  that  man  has  done,  he  must  foi-cver 
continue  to  do,  otherwise  nature  will  re-asseit  her  dominion,  and  undo 
all  that  man  had  done  to  mar,  or  pervert,  or  ixjrfect  her  works  ;  and  she 
will  restore  thcin  to  their  pristine  simplicity.    This  we  know  slie  is  always 
doing,  from  ai)undant  observations ;  she  makes  hybrids  unfruitful ;  her 
ban  forbids  changes  that  shall  endure  ;  the  seedsman  and  gardener  cvci— 
watch  their  clioice  crups,  fruits,  vegetables  and  esculents,  and  must  do  so, 
for  they  know  well  that  nature  ever  resumes  the  attempt  to  **cry  back  ;" 
tl'.at  is,  to  return  to  that  condition  from  which  the  skill  of  man  has  forced^ 
1:cr  to  meet  his  own  wants,  or  to  please  his  fancy.     Wlio  can  I'easonably 
(I  )ul)t  that  if  man  was  to  cease  to  be  on  the  earth  that  his  seeds,  and  es- 
culents, fruits,  and  all  domesticated  animals  woidd  in  process  of  time, 
return  to  their  natural   conditions'.'    Human  care  and  cultmtJ  and  pro— 
visions  ceasing,  the  antecedent  causes  of  natm*e  would  again  come   inti> 
exclusive  operation  ;  and  by  her  o^^^l  truthful  obsen'ance  of  cause    aniL 
eflect,  the  ancient  condition  of  vegetable  and  animal  life  would  be  re- 
stored as  they  were  on  the  face  of  the  earth.     Without  his  stores  of  pro- 
vision and   provender  and   shelter,  a  single  severe  winter  would  cut  hi* 
before  housed  and  sheltered  vegetables  and  animals,  by  frost  or  starva- 
tion, down  to  about  the  thirty-seventh  degree  of  latitude  ;  and  half  the 
variations  that  have  grown  up  imder  the  training  hand  of  man  might' 
perish  at  a  bl<.)w.     What  man  has  achieved  over  li\-ing  nature  may,  there- 
fore,  be  considered  as  an  artificial  work  of  but  temporary  endurance.  Dar- 
win fully  admits  this  when  he  says,  **Natm-al  selection  is  a  power  inces- 
santly rea<ly  for  action,  and  is  as  immeasurably  superior  to  man's  feeble 
efforts  as  the  works  of  nature  ai-e  superior  to  art.''    lb.  p.  70.     When  let 
alone  she  elects  to  retm-n  to  her  original  conditions. 

Of  tlie  variation  produced  by  selection  in  breeding  and  the  better  care 
of  animals,  Dar>vin  siiys,  **the  key  is  man's  power  of  accumulative  ^elec- 
tic^m  :  Nature  gives  successive  variations  ;  man  adds  them  up  in  certain 
directions  useful  to  him.  In  tliis  sense  he  may  be  said  to  have  made  for 
himself  useful  breeds."    Origin  of  Species,  40.     But  what  does  nature  do 
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-wben  num  does  not  eeixo  upon  the  oSfered  variatious  to  mahe  them  in- 
Iieritable.  by  biinging  together  two  of  different  aexe&  witli  the  Hku  vnrui- 
ciuns  to  become  parents  of  a  commoii  like  pi-ogeny,  and  aftei-waixle  prc- 
^erviag  only  those  wluch  most  strimglyRhew  the  desired  vai-intiun  ?    The 
-x-ariatioii  from  one  parent  ouly  ■would  quickly  titdo  out  into  tlie  nnnual 
character.     Those  having  vnriiitioiia,  Darwin  Sftys,   "would  during  Ihi 
<irst  aud  succ'oeding  generatiuus  crosH  with  the  ordiiury  fonn,  and  then 
they   would  almost  itievitably  lose  their  ahuovmal  character."     lb.  58. 
3Jature,  ofheraelf,  does  not  Intenmse  to  sreixe  upon  aud  continue  the  ooca- 
^onally  occui'ing  variation.     She  does  not  select  a  male  of  like  variation  ; 
nor  do«a  she  deveIo|)  it  to  «  liigLer  perfection  by  training  or  hotter  feed- 
ing, noA  make  it  tlic  special  centre  of  a  llivored  propagation.     Katural 
scloctiou,  umudt'd  by  man,  must,  therefore  he  of  very  limitud  intlnen<i«, 
if  any,  towards  establishing  a  change,  whether  to  he  called  a  variation  or 
n  ejwcies  ;  wliile  the  change  that  is  wrought  by  man,  would,  without  his 
continuing  maintennncu,  reverb  to  its  nurmnl  condition  nnich  mure  rap- 
idly than  it  wax  formed.    Again  variations  left  only  to  nature's  uarc, 
-must  bo  such  as  give  inoivase  of  atrcngtli.  othurwisu  tbi-y  will  die  out 
frutn  woakniiBs  as  all  monsters  do,  or  braed  out  to  tlie  noi'mal  condition, 
lb.  90,  108.     The  varieties  of  pigeons  hiivu  Ihmhi  tin;  produots  of  man's 
mw  for  thonsauds  of  yoara ;  but  not  one-half  the  eggs  of  the  beat  »hort- 
l>eakGd  tumbler-pigeonB  wmild  be  hatched  withont  his  aid  to  bruak  the 
slwU.     lb.  88,  00,     This  shows  them  degvuerah.- ;  a  pampered  aud  timing 
aristocracy ;  who,  left  to  themselves,  in  a  slat«  of  nature,  would  quickly 
die  out. 

And  what  in  the  ri^sult  of  the  selectiou  of  nature  even  when  most  as- 
sisted by  man?  Das  it  produced  any  now  species?  Fur  more  than  three 
tlioniand  years  before  Christ,  and  over  si  nee,  tliere  have  beeu  pigeon  fan- 
ciers who  have  taken  infinite  pains  in  tbuir  bi-ccding.  lb,  36.  Darwin 
(uys,  "the  divurmty  of  the  breeds  is  nomethuig  astonisliiug."  "A  scoiv 
"f  pigeons  might  be  cliouen,  whioli,  if  bIiowu  to  an  ornilhologfist,  and  lie 
were  told  they  were  wild  birdu,  would  caitaiuly  be  i-anked  by  him  as  well 
defined  species."  lb.  M.  Yet  are  they  such?  Darwin  Bays,  "Ihehy- 
lirids  oi'  mongrels  from  all  the  domestia  breeds  of  pigeons  are  perfectly 
bsTtile.  I  cmi  state  this  fi'om  my  own  observations,  purposely  mode,  on 
the  most  distinct  breeeda.  Now  it  is  diiHcult,  perhaps  impossible,  to 
bring  forward  one  ease  of  the  hybrid  olTspring  of  two  animals  clearly  rtit- 

« being  themselves  perfectly  fertile,"  p.  S7.  Now,  if  there  were  a 
Elity  for  natui'e  and  man  together  to  create  new  spei^eH.  it  should 
leenintheinstanceoftJie  long  and  general  experiment  with  pigeons. 
at  most  amounted  to  producing  varieties,  in  shape  and  exterior 
ge  and  appearances,  while  by  the  truest  test  of  inter-breeding  the 
nature  of  the  creature  is  essentially  unchanged.  It  is  probable  that  the 
truth  is  the  same  as  to  dogs,  hoi'ses,  European  cattle  and  fowls,  except 
U^sparity  in  size  has  rendered  the  same  test  of  inter-generation  to  a 

I  extent,  impracticable.     Surely,  then,  that  law  which  the  Creator 
I  emphatically  imposed  upon  His  creation,  He  has  not  himaelf  vie- 
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lated,  in  carrjing  on  all  His  living  creation  from  simple  to  higher  forms 
through  infinite  processes  of  generation.  He  who  has  forhidden  the  con- 
founding of  nearly  allied  8i)ecie8,  cannot  be  taken  to  have  carried  on  the 
processes  of  generation,  in  violation  of  the  ban  against  the  confusion  of 
species,  and  in  disregard  of  all  the  classifications  science  has  adopted  from 
the  study  of  creation,  only  the  better  to  describe  and  understand  that 
creation.  On  the  contrary,  it  is  to  be  taken  that  generation  has  no  part 
in  the  work  of  creation  ;  but  has  only  her  assigned  duty,  under  regulative 
laws,  to  propagate  creatures  of  the  same  species,  of  two  sexes,  to  repro- 
duce a  progeny  like  unto  themselves.  All  that  we  can  see  and  know  of 
creation  brings  us  to  such  conclusion.  To  create  is  one  thing,  and  to 
propagate  in  the  parental  likeness  another.  The  propagator  but  fulfills  an 
assigned  instinct  that  is  essentially  imperative,  except  as  man  is  self-re- 
strained by  over-ruling  nioi-al  considei^ations.  His  function  is  a  verj' 
limited  one.  The  inception  of  new  life,  its  gestation  and  g-owth,  and  the 
measure  of  tliat  gro^-th  are  the  work  of  that  Higher  Life  or  Being,  that 
is,  the  Giver  of  all  life,  as  we  must  logically  infer ;  for  ever}'  effect  must 
have  its  ade(iuate  Cause. 

The  great  distinctions  of  classes,  orders,  genera  and  species,  as  the 
proofs  stand  in  geology,  histoiy,  monuments  and  living  nature,  have  ever 
remained  unchanged  and  luiobliterated ;  while  variations  within  species, 
have  been  jwrmitted  for  obviously  good  uses  to  man.  The  mules  that  he 
breeds  do  him  good  sei^ice,  but  mules  are  not  iKjrmitted  to  breed  mules. 
A  theory  that  would  permit  a  varying  generation  to  thwart  this  grand 
order  of  life,  and  that  would  travei*se  all  these  classes,  orders,  genera  and 
si>ecies  by  violations  of  the  ban  we  know  to  forbid  hybrids  to  breed,  we 
may  simply  set  down  as  contrary  to  nature  and  impossible,  and  such 
theory  demands  the  clearest  and  most  indubitable  proofs,  none  of  which 
have  l>een  adduced. 

The  theory  is  wholly  illogical  and  inherently  inconsistent  with  itself. 
The  whole  drift  of  the  theory  is  to  make  generation  build  up  all  created 
life,  with  one  or  a  few  exceptions,  without  a  Creator.  But  why  any  ex- 
ception ?  Only  that  there  shall  be  a  starting  i>oint  in  life ;  that  there 
shall  be  an  incipient  generator  in  this  mighty  process.  But  this  earliest 
life  nmst  have  had  a  Creator,  and  the  capacity  to  generate  life  through  all 
kinds  must  have  come  from  a  Creator  ;  yet  this  theory  demands  none,  at 
the  beginning,  or  in  any  stage  of  progression,  but  it  obviously  pro- 
ceeds ui>on  the  ground  that  generation  will  suttice  for  all  life,  and  that 
life  needs  no  Creator.  Yet  there  is  an  oveiTuling  power,  without  which 
generation  could  not  proceed,  without  whom  there  would  be  no  ban 
against  confusion,  and  without  whom  the  required  difi'erence  of  sex  would 
not  come  into  being  in  the  requisite  proi)ortion.  The  reasonable  inference 
to  be  made  is,  that  as  a  Creator  was  required  for  the  fii"st  life  demanded 
by  the  Darwinian  theiuy,  and  for  all  its  i>rocesses  of  generati(m,  and  the 
after  preservation  of  all  creatures  born,  the  siune  Creator  would  him- 
self ci*eate  all  the  creatures  that  share  his  protection,  in  all  their  various 
sjK'cies,  and  do  so  as  the  world  was  prepared  for  them,  and  was  of  the 
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lempcrHtare  and  lull  the  food  they  re(|uin?d.  The  first  creaturcB  had  a 
delegated  power  nf  generntion  ;  but  nothing  in  natui'e  hns  shown  that 
Xht-y  Lad  a  luiBBion  to  carry  uii  creation  to  higher  levels  either  ufphyBiual 
itrueture.  or  moral  excellence,  or  of  intellectual  power. 

The  whole  theory  is  built  upon  chance  vartationB  fW>ai  the  noi-mal 
conrae  of  nature,  occurring  at  very  long  intervala  of  time.    It  is,  there- 
fore, presumably,  not  the  method  by  which  the  Creator  has  built  upcrea- 
tion,  from  one  or  a  few  of  simplest  fonna  of  life,  into  all  the  elahomta 
filaiaillcstion  iu  which  we  now  behold  it.     Thus,  Darwin  says,  "Natural 
Mlection  acts  only  by  taking  advantage  of  slight  successive  variations ; 
aba  cau  never  take  a  sudden  leap,  but  must  advance  by  sliort  and  nure, 
tbough  alow,  steps,"     lb.  100.     "  New  variations  are  very  Hlowly  formed, 
for  vuintion  is  a  slow  process,  and  natural  selection  can  do  nothing  until 
iiMlividual  differences  or  variations  occur,  and  until  a  place  in  the  natural 
polity  of  the  country  can  be  better  filled  by  some  modification  of  some 
OQfiur  more  of  its  inhabitants."    lb.  ITl.    We  have  seen  that  the  help 
Uutt  man  can  give  to  promote  such  variations  is  very  limited,  and  that 
V'htit  he  effects  would  soon  relapse  without  his  continuing  maintenance, 
^■hI  Rimain  but  a  variety,  and  result  in  no  new  Hpeclea ;  what  else  but  na- 
^rt,  then,  when  man  is  not  co-operating,  is  to  "take  advantage  of  the 
■ISght  sucoessive  variations  ?"    And  what  does  she  do?    If  but  one  parent 
*»•  Uie  variation  it  will  very  soon  niu  out  in  the  generative  process. 
»**»i»  Mr.  Darwin  readily  admits,  and  candidly  stands  corrected  by  tlie 
**  onh  British  Review,  while  monster  variations  seldom  live  any  length 
•*■  time.    lb.  03.    Thus  tlie  aberrations  of  nature  are  bo  few  and  far  be- 
*'«cn,  and  so  soon  to  disappear,  as  to  afford  no  adequate  ground  for  tho 
;e  of  any  species,  much  less  suffice  to  produce  all  the  classes,  orders, 
B,  and  species,  into  whicli  science  has  arranged  all  living  things^ 
•■'^jiiii  one  or  a  few  primary  simple  tyjies.     Nature  is,  indeed,  slow  to  make 
^'ickcjnring  changes,  but  quick  to  correct  her  errora.    If  jostled  in  her 
f'V'dcessee,  she  does  O'lt  make  the  imperfect  product  the  basis  of  her 
'•**"ilier  work  to  enlarge  and  perfect  her  systems  of  life,  that  all  provided 
'**«»d  ahould  have  it«  fitting  consumers.     Nature  is  ever  truthful  and  casts  ' 
*^U«  all  her  products  that  have  been  marred  upou  her  wheel,  and  uses 
"^^Xt  tliOHc  which  come  most  perfect  from  her  hand,  aud  thus  her  pro- 
B**»«»  is  ever  steady,  or  is  improvement  towards  her  Iwst  standard  of  each 
"■•Lated  species,  under  favoring  circumstances ;  but  is  degradation  where 
'*:^kA«in>ble,  or  man  violates  tlie  law  of  his  well-being.    This  is  confi- 
*^*»iOya»id  after  such  general  survey  as  all  who  are  Intelligent  may  make, 
"~~«llwho  will  lift  up  their  eyes  and  behold  the  operations  of  all'  living 
^**«Uon,  or  read  the  geological  records, — not  looking  too  constantly 
***'*n*Brd  with  limited  vision  as  wedded  to  pre-conceived  theory. 

tNirKJn  admits  the  dearth  of  facta  to  nustain  his  theory,  and  enters  into 
**plin»tions  why  tbcy  are  not  found.  Uo  says :  "  To  sum  up,  I  believe 
•w  ■|)ecius  come  to  i>e  tolerably  well-defined  objects,  and  do  not  at  any 
*"«  period  prewnt  an  inextricable  ehaoa  of  varying  and  intermediate 
*4»;  first,  because  new  varieties  are  very  slowly  formed,  for  variation  is. 
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orders  and  species  come  from  oiie  c 
lire,  there  should  be  eveiywhere  and 


AD  do  Dotliing  until  favorable  inilt- 
."  III.  171.  But  if  aU  the  classM, 
r  tv/n  original  and  simple  forms  of 
omtantly  found  lnt«nnediale  tran- 
aition  linlu,  at  different  stages  of  progress  towards  the  new  apeciei^  mnd 
presenting  aa  Inextricable  ch&os.  This  result  is  parried  by  the  argumeat 
that  tlie  process  ia  so  slow  tbat  it  is  not  seen.  The  more  obvious  ooa* 
elusion  would  seem  to  be  that  this  transitional  prooeaa,  or  "  iuextrleabte 
ohaoB,"  are  not  seen  because  never  huppening.  And  Darwin  ctuididly 
states  (lb.  1731,  "  Here,  as  on  other  occasions,  I  lie  under  a  heavy  disad- 
vantage, for,  out  of  the  many  striking  oases  wliioli  I  have  oolhKtod,  I  oaoi 
give  only  one  or  two  instances  of  traiisitional  habits  and  structures  in 
closely  allied  species  of  the  same  genus,  and  diversided  habita,  eitlisr 
constant  or  occasional,  in  tlie  same  speaiei.  And  it  seems  to  lue  tliU 
nothing  less  than  a  long  list  of  such  cases  is  sufficient  to  leseen  the  dtfli- 
culty  in  any  particular  case  like  the  last. ' '  The  difficulty  was  to  conceive 
how  an  insectiveroua  quadruped  could  possibly  have  been  couvelteil  into 
a  Dying  bat.  But  it  should  seem  this  would  occaaiun  sniall  difficulty  to  » 
theorist  who  could  believe  that  bats  and  elephants  and  man  liim«el( 
sprang  ttvia  an  asctdian,  a  radiate,  or  trilobit«,  or  some  utlier  early  aiin- 
ple  form  of  life.  He,  in  such  case,  beoonies  too  caref\illy  scrupuloua  for 
his  own  theory  ;  and  he  further  conscientiously  says  (p,  198),  "  we  lukv« 
seen  in  this  chapter  how  cautious  wo  should  be  in  concluding  that  tlu 
most  different  habits  of  life  could  not  graduate  intc  each  other ;  CbM  » 
bat  for  instance,  could  not  have  lieen  formed  by  natural  selection  from 
au  animal  which  could  only  glide  through  the  air.*'  L«it  us  observe  bis 
wise  caution,  and  doing  so  we  must  rtgect  his  theory.  Be  gives  no  pnM& 
that  justify  his  conclusions. 

Again,  Mr.  Darwin  is  constrained  to  excuse  geology  for  affording;  hia 
tlieory  but  little  support.  Too  few  fossil  specimens  have  been  nbtainod  ; 
too  many  creatures  have  perished  and  left  no  likeness  in  the  rooks.  B« 
says,  "although  geological  research  bos  undoubtedly  revealed  tlie  former 
I '  existence  of  many  links,  bringing-  numerous  forms  of  life  nmoh  clciaer 
together,  it  does  not  yield  the  infinitely  many  fine  grndntions  botw«ei) 
past  and  present  species  required  ou  the  theory ;  and  this  is  tbo  moat 
obvious  of  the  many  objectio:is  which  may  be  urged  against  it."  lb.  41S. 
But  he  does  not  adequately  answer  this  seemingly  well  founded  objco- 
tion.  He  excuses  himself  by  the  paucity  of  foots.  Thnn  it  may  bo  naked 
why  has  the  theory  been  propounded  before  adequate  faclit  have  boon 
gathered  ?  Philosophy  reserves  tbe  privilege  of  reprimanding  tier  voto. 
ries  who  bnilt  their  tlicories  upon  insufficient  facts ;  and  truth  coiDpnla 
lier  to  censure  unsparingly.  They  are  not  purmitti-*d  to  indulge  th«  tun* 
bition  of  tlieorizing  before  they  liave  collected  adequate  mntcriala  for 
their  edifloe.  Darwin  has  ranged  widely  and  obsurvantly  the  roalma  of 
nature,  and  we  follow  him  interestedly ;  but  he  seems  at  fault  in  moldiif; 
his  inductions  ttona  the  facts  he  hAs  lenmod ;  has  built  ou  an  inadequate 
foundation  ;  has  made  small  things  im[»>rtanti  and  overlooki'd  Ihu  full 
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inpot-t  of  the  gnat.     If  his  theoiy  were  trae,  the  t^tD  fur  its  support 
■taOtUd  exist  by  milUanB,  am)  l>;  billJoiu.     That  his  rcBenrches  have   not 
produced  the  facts  be  wanted,  makes  tbem  tell  more  stron|;ly  against 
him.     If  all  living  life,  and  oU  that  luH  been,  came  bom  Hrst  simple  forma 
by  slo^  changeo,  through  nil  being  up  to  the  classes,  orders,  genera  and 
species  that  we  find  in  existence,  and  to  have  existed  through  all  the  geo- 
logical eras,  then  intermediate  links  should  have  been  endlessly  abundant, 
ancl  if  but  a  hundredth  part  of  the  fossil  Idndn  had  been  exhumed,  they 
Rlii>uld  necessarily  have  revealed  tlio  wonted  evidence ;  living  nature  should 
»1m>  bave  nbonndod  in  ample  testimony,  by  endless  and  inextricable  eon- 
fosioa.     To  reach  existing  results,  the  process  of  change  being  gradual, 
the  transition  creatures  should  have  teemed  in  myriad  fomui,  other  than 
ianow  seen  in  fossil  or  in  life. 

But  why,  if  there  was  such  immensity  of  transition  as  to  account  for 
tt»  astounding  changes  wrought ;  why,  if  such  endless  variations  were 
•'M'twl  in  natnre  casually,  or  by  chance,  without  reason  or  motive  ;  how 
onto  nature  to  act  so  wisely  as  to  bring  order  out  of  confusion  and  chaos, 
"d  on  that  order  to  take  her  stand  more  firmly  than  the  mountains  ?  In 
"*  transitional  steiis  towards  all  the  forms  that  have  existed,  of  every 
'''^P«  and  size  from  the  Uttlo  Rhizopod,  Ascidian,  Trilobite  or  Radiate, 
"  the  bottom  of  the  ocean,  up  to  the  whale,  mastodon  and  man,  during 
*"  tt«(umed  necessary  unimaginable  length  of  time ;  how  was  all  life  so 
"'^■'nhaled  and  placed  as  science  now  finds  and  arranges  tt,  and  finds  it 
'"O*  redstant  of  all  change  ?  Intelligence  and  will,  even  then,  must  have 
8*v©n)ed  the  proceeding  and  guided  its  pui'pose  so  that  all  should  live 
•"^  not  work  confusion.  That  Intelligence  that  could  do  so  much  in 
'^ixig  nature,  and  could  create  the  earliest  life,  surely  could  proceed  more 
"'''f"^<^y  and  without  disorder,  to  create  the  kinds  and  species  for  whom 
^''^'t  Kime  Intelligence  hod  provided  the  land,  air,  water  and  food,  upon, 
'"  Aiid  by  which  they  should  all  live,  in  congenial  habitation.  But  Darwin 
"''^'^r  recognizes  that  Being  as  essential  to  bis  theory  :  No  I  the  theory 
1'*'c*s  nature  herself  a  substitute  for  Ood.  Her  forces  it  was,  that  from 
™**^  to  time  jostled  all  creatures  into  alight  variations,  and  then  she  her- 
*^1F  selected  the  best  chance-products  of  a  capricious  generation  and  con- 
.••^tjd  tliem,  and  perfected  without  intending  to  perfect  them,  and  the 
*^  nf  the  weak  and  monstrous  was  extinguished,  merely  because  not  flt- 
**^  %o  survive.  If  nature  has  such  power  over  us  and  ours,  and  all  living, 
7*^13  we  not  impersonate  and  worship  her  as  our  deity  ?  Men  did  do  this, 
'"  '^'arioiiB  forms,  but  it  was  before  science  and  revelation  had  dethroned 
^^  Tieathen  deities.  They  are  not  likely  to  be  restored  to  the  worship  of 
""^^Ikind,  and  thoughtful  men  generally  behevo  in  one  supreme  God. 

"^.nd  why  has  there  been  any  limit  to  classes,  orders,  genera  and  species? 
Av^^  why  has  the  growth  of  each  and  all  creatures  had  their  normal  Umit? 
^^■*Tainly  by  some  intelligent  Power  that  ruled  over  what  are  called  the 
"**■<^M  of  natnre.  Why  cannot  the  naturalist  more  frequently  elevate  his 
"^^T«  to  recognize  an  Intelligence,  without  whom  all  that  he  studies,  him- 
1,  can  have  little  significance,  or  philosophy  any  worthy  gr 
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conRiBtent  foundation  ?  Ood's  order  is  the  source  of  all  science  and  pbiloeo- 
phy.  But  Darwio  neitlier  ackuowledges  nor  denies  the  ruling  of  tbe 
Deity  ;  lie  invokes  uot  His  aid  in  [li«  processes  of  nature;  nor  yet  does  he 
deijy  nature,  but  sayit  this  of  her ;  "  It  is  difficult  to  avoid  poTBoniTjiag 
Uio  nord  nature ;  but  I  mean  by  nature,  only  the  aggregate  action  and 
product  of  many  laws,  and  by  laws  the  sequence  of  events  as  ascertaiiwd 
by  us.''  It  ie  obvious  that  the  effect  of  the  theory  is  displacenieut  of  God 
&om  His  norks  and  from  the  mind  of  the  naturalist.  But  the  lawB  of 
t  nature  could  not  exist  without  nature  bad  a  Creator,  and  law  a  Law 
r  Uaker.  Darwin  admits  tliat  the  "higheiit  iutcllects  that  have  ever  lived," 
have  believed  "  there  exists  a  Creator  and  Ruler,"  but  bis  theory  makoe 
no  account  of  Him.    He  would  make  luiture  Godless, 

While  Darwin's  tlieory  undertakes  to  rise  from  a  few  simple  lirst  fomu 
of  life  to  higher  and  mora  complicated,  he  denies  any  purpose  of  a  dcsig^ner 
I  to  perfect  his  works,  or  any  general  tendency  in  nature  tu  do  bo.  He  imjh, 
"  whatever  may  be  thought  of  this  view,  in  none  of  the  fun^oing  ctucs 
I  do  tl)o  facts,  as  far  as  I  can  judge,  afford  any  evidence  of  tbe  cxisUuice  oC 
ioaXa  tendeutsy  towards  perfectibility  or  progressive  development.' 
f  lb.  133.     The  variations  spring  from  individuals ;  but  from  what  cause  or 
I  with  what  purpose  is  not  explained.     The  mass  of  the  species  remaiiind 
[   unchanged,  and  so  live  ou  througb   many  geological  periods.     He  says, 
"Geology  tells  usthatsomeof  the  lowest  forms,  as  tlie  infusoria  and  rixo- 
podshavo  remained  for  au  enormous  period  in  nearly  their  present  state." 
lb.  p.  128,     "  I  believe  (hat  many  lowly  organized  fornis  now  exist  through- 
out the  world,  from  various  causes.     In  some  cases,  variations  or  Individual 
diflerenues  of  a  favorable  nature  may  never  have  arisen  for  natural  selec- 
tion to  act  on  and  accumulate.    In  no  oaae,  probably,  baa  time  suflloed  fur 
the  utmost  puHsiblo  amount  of  development.    In  some  few  otues  there  hiw 
been  wliatwumustcallretrogruMion  of  organization."  p.  124.    All,thu»- 
fbre,  has  come  from  chance  individual  variations.    Thus  all  higtier  llt«, 
'    man  included,  has  been  lifted  up,  by  chanoe-oomiug  vtuiutions,  generated 
I   in  the  lowest  and  lower  forms  of  animal  life,  without  i>urpo»c,  design,  or 
Designer :  though  tlie  result  is  the  exalted  being  man  1 

I  make  tins  statemeut  with  due  care :  Uo  says,  as  to  the  tatxU)  of 
transition,  " there  is  no  reason  todoubt  that  theswim-bladrlcr  baa  bc«a 
couvurtud  into  lungs,  or  an  organ  used  exclusively  for  ruapiratiuu.    Accord- 
ing to  this  view  it  may  Ins  inferred  tliat  all  vertebrate  aniwals  with  tma 
I   lungs  have  descended  by  ordinary  getierntion  from  an  auoteulaiid  unknown. 
I   prototype,  whioli  was  fHrnislietl  wiUi  a  floating  apparatus  or  swim-blad- 
der." lb,  183.     Thisdocsnotcxaeptthevcrtchrtttiiniau.     11«  insL«U  ujmm) 
I   placiugmauintheonlerQuHdi-umanai  says,  "  if  man  had  nut  been  bi« 
,   owu  claasiller,  he  would  never  have  thought  of  fouudiiig  a  sejiarutw  onler 
f  tor  his  own  reception."    1  Descent  uf  Man,  1S3.    Ho  funlier  (mye.  "wo 
'   will  now  look  to  man  as  he  exists ;  and  wo  aliall,  I  think,  lie  able  parllatly 
iKtore  during  successive   t>erii>ds,  but   uot  in  duo  order  of  tima,  tho 
'   atructure  of  our  early  progenitors.     This  can  be  effected  by  means  of  tha 
,    nnliinonts  which  man  still  mtaius,  by  the  uliaractera  which  oocastoonUy 
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nuLke  their  appearance  in  him,  through  reversion,  and  by  the  aid  of  the 
priuoiples  of  morphology  and  embryology.     The  early  progenitors  of  man 
yeio  no  donht  once  covered  with  hair,  both  aexca  having  beards ;  their  ears 
'inn  pointed  and  capable  of  movement,  and  tlieir  bodies  were  provided 
'With  A  tiul,  having  the  proper  miiHclcB.     Their  limbn  and  bodies  were 
also  acted  ou  by  many  muscles  which  now  only  occasionally  re-appear, 
liutare  normally  present  in  the  quadrumana."    ■    •    "Thefoot,  judg- 
ing from  the  condition  of  the  great  toe  in  tlie  fratus,  was  then  prehensile ; 
&ud  our  progenitoTK,  no  doubt,  were  Arboreal  in  their  habits,  frequenting 
aame  warm  forest  clad  laud.     The  males  were  provided  with  great  canine 
t«etJi,  whiuliserved  themosfortnidable  weapons."  lb.  108.   "luaseriesof 
ibmis  graduating  insensibly  from  some  ai>e-like  creiiture  to  man  as  he 
noiNT  exists,  it  would  be  impossible  to  fix  on  any  definite  point  when  the 
terxn  'man'  ought  to  be  used."     lb.  S26.     That  is,  wlien  he  ceased  to 
be  nionhey  and  became  man,  by  physical  transformation.    Mr.  Darwin 
iuL^   not  attempted  to  show  us  in  geology,  in  history  or  in  life,  a  man  at 
tliB   point  of  transition,  or  to  imngino  or  describe  wliat  he  could  be,  or 
^*'l>(hl  the  essentials  to  the  change  ;  nor  any  creature  yet  in  the  process  of 
''"^aformati  on. 

'K'lius,  it  is  distinctly  avowed  that  man  was  the  result  of  this  theory  of 

^V«>liition,  and  that  his  ancestor  was  an  ape  ;  whose  ultimate  progenitor 

■'^^^    some  trivial  form  of  life  in  the  bottom  of  the  ocean.     Thus  by 

*^a«ice-bcgott«D  variations  in  the  process  of  generation,  all  the  million 

'«>rxns  of   life.    In    all    their    infinite    distinctions,   have    been   formed. 

-*  aus,  through   an   instinct   wluch  no  creature   but  man   ever  controls 

****     disobeys,  all   living  life  has  been  built  up  ;    nay,  all  created   crea- 

^Ui'eH  were  created,  except  some  fii-st  simple  form,  which  alone  it  has  been 

**®Oes»ary  for  this  theory  to  invoke,  that  tliere  might  be  an  iucepUve 

*l***;li  of  life  fur  tlio  beginning  of  a  process  of  variable  generations.     But 

^*'^**  gave  this  power  to  tlie  first  life  and  aU  later  life  to  propagate  such 

*^'iaJ>le  generations?    Who  created  the  sexes  and  the  organs  of  genenv- 

^otis?    Who  prepared  the  germs  of  life  in  one  sex  to  be  called  into  being 

**y  tlie  other?     Who  gave  the  instinctive  desire  that  starts  gestation,  and 

**^'^«  llie  progeny  to  share  the  Ukenesa  and  qualities  of  both  parents? 

*■  lio  gave  the  parental  instinct  of  protection  of  offspring,  and  who  the 

**HUialte  intelligence  for  tlieir  niirtura  ?     It  is  left  fairly  to  be  inferred 

''^^t  a  Creator  could  only  malie  the  first  simple  form,  and  not  the  later 

^'Shcr  life  ;  or  that  life  first  came  and  worked  on  spontaneously.     How 

***''Id  the  creature  of  inferior  instinct  by  generation  create  that  which 

***Hccs  tlie  intelligence  of  the  bee,  the  ant,  the  beaver  and  tlie  elephant? 

*•*«  skill  and  polity  of  the  bee,  timt  made  the  ancients  ascribe  to  her  a 

*P*tle  of  the  Divine  intelligence  ?    Mere  physical  changes  could  not  ac- 

^U))t  for  all  those,  and  yet  less  for  the  mind  of  man.     The  Intelligence 

**' UkHtinct,  and  of  mind,  are  not  coneeivably  the  product  of  matter,  siion- 

^DVQDsly  or  geuerativcly,  hut  we  must  ascribe  such  endowment  to  Uim 

d  make  the  ant  wiser  than  the  human  slu^ani,  who  forfeits  his 

d  and  dignity  ;  to  a  Being  infinitely  superior  in  intelligence  than 
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the  highest  intellect.     If  Ood  did  uot  create  ^l  creatures  and  endow  tbem 

with  the  law  of  their  being,  why  should  He  have  cared  for  them  as  we 

,    perceive  throughout  all  nature?     He  who  ascribes  uothlng  to  God  does 

answer  the  question.     The  qiiestioiw  which   our  reason  inevitable 

1  nsks  give  htm  no  trouble.    He  is  tempted  to  deify  nature  but  owns  uo- 

I  Deity. 

There  are,  indeed,  common  necessities  to  all  life,  tliiit  would  go  further 
to  indicate  its  unity  tliau  the  "  ruiliments  "  seai^hoil  out.  All  must  Uto 
upon  the  food  that  the  earth,  sen  and  air  supply.  All  must  have  power  of 
digestion  and  assimilation,  and  mostly  Imve  hearts,  rirculntions,  viscera, 
.  tissues,  nerves  and  bmiiis.  Tbe  vertebrates  have  also  flesh  and  boDea. 
[  Kow,  in  aU  this,  thera  is  a  greater  basis  of  brotherhood  in  all  animut«4 
ure,  tban  in  the  few  smnll  matters  upon  whidi  tlie  theory  in  <iaestino  ie 
'  built.  That  life  in  embryo  sliall  start  similarly,  is  as  much  lobe  pxp*cted 
aa  that  the  digestion,  uirculation,  seeretions  and  exoretiuiis  sliuulil  go  on 
alike.  But  whatever  be  tlic  incipient  or  embryoUc  resembluni-e,  Uie 
mature  development  is  always  truthful  to  the  demarcations  i-ecogiliked 
by  the  classifications  of  science.  AU  that  have  nerves  to  feel  ure  objotita- 
of  kindness ;  but  there  fratentity  ends. 

Now,  what  are  the  particular  things  enumerated  that  declare  our 
ancestors  to  have  been  apes?  Here  is  tlie  inventory  of  thi^m  in  the 
untUor's  wonls;  "3ome  few  persons  Imvu  the  power  of  criutractiii){  Ibo 
superficial  muscles  on  their  scalps:'"  1  Descent  of  Man,  It).  "Une  Ilttl» 
peuulinrity  in  the  eitemal  ear :"  It  is  "a  little  blunt  pi>int  projecting 
from  the  inwardly-folded  margin  or  helix,"  p.  SI.  "The  mctitatinff 
membrane,  or  third  eyelid  :"  which  in  man  "exists,  as  is  admitted  by  all 
anatomiRts,  ns  a  mere  nitlimcnt,  called  the  semilnnnr  fold,"  p.  33-3.  Of 
the  sense  uf  smell  in  man,  Darwin  says:  "No  doubt  be  inlierit«  the 
power  in  an  onEeehled,  and  so  fnr  rudimentary  condition,  tttim  aora* 
early  progenitor,  to  whom  it  wna  l)i|;h1y  sei-viceable  and  by  whom  it  was 
oontinuitUy  used,"  p.  23.  "Man  differs  conspiciuously  from  all  the  other 
Primates  in  being  almost  naked  :  but  a  few  short  straggling  hairs  an 
found  over  the  greater  part  of  the  body  in  the  male  sei,  and  tine  down 
on  that  of  the  female  SCK."  *  *  "There  cnn  bo  little  doubt  UmI 
the  liairs  thns  scattered  over  the  l>ody  are  tlie  rudiments  of  the  uiiifoTO 
hairy  cont  of  tbe  lower  animals."  p.  S4.  Andhesnys,  "wa  must  nnuiicler 
the  woolly  covering  of  the  fcetus  to  bo  tbe  rudimentary  representativi;  of 
the  first  pcrmaiuiut  coat  of  hair  in  ttiose  maminak  which  are  bum  buiry." 
p.  25.  "  It  appears  as  if  the  posterior  molar  or  wisdom-loetli  wetw  ttoid- 
ing  to  become  rudimentary  in  the  more  oivilixcd  races  of  man."  p.  lis. 
"  With  respect  to  tlie  alimentary  cnnal,  I  have  met  with  an  account  of  only 
9.  single  Tudimenl,  nnmely  the  vermiform  appendage  of  the  WBOUia."  p_ 
SO.  The  foremen  near  the  lower  end  of  the  hnmems  is  said  to  be  fonuiK- 
jn  one  per  cont.  of  inwiem  human  skeletons,  but  much  oftener  aneienlly  -^ 
"  one  eliicf  cause  seems  to  tw  tbat  ancient  races  stand  somewhat  np«t«r  (baK^~ 
modem  races  in  tbe  long  line  of  dijsccnt  to  their  remote  anlmal-Ukv  ]>ra 
genitora,"  p.  37-28.     "The  Oi  enefyi  in  miin,  thongb  functionleMi' m 
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ipI&inlj'representsthUpart  inotber  vertebrateanimals."  p.  28,  "It 
U  known  that  in  the  malcH  or  ull  mammitlB,  including  man,  rudimen- 
7  mnmnue  exist."  p.  SO,  which  Mr.  Darwin  tlnds  it  "difficult  to  ex 
plain  on  the  belief  of  the  Bep»rat«  crealion  of  each  species."  Darwin 
tioncludex  this  euumeration  by  Buying,  "The  humological  ctiuxtniotiou  of 
tlie  whole  frame  in  the  membera  of  the  same  ctais  is  intolligiUo,  if  we 
■dait  their  descent  from  a  commou  progenitor,  together  with  their  sub- 
Mqvent  sd»[itation  to  diversified  conditions.  On  any  other  view,  the 
■imilarity  of  pattern  between  the  hand  of  a  man  or  monkey,  the  foot  of  a 
horse,  the  flipper  of  a  seal,  the  wing  of  a  bat,  etc.,  is  utterly  inexplicable." 
p.  SI.  And  tbia  conclusion  may  be  admitted,  if  we  believe  creation  had 
no  Creator.  But  if  all  creatures  had  a  Creator  who  endowed  them  with 
power  to  generate  their  like,  but  forbade  them  to  generate  their  unlike, 
tbe  explanation  is  clear,  and  makes  that  of  Hr.  Darwin  wholly  illogical, 
Wna  Mruoture  «o  great  ever  raised  on  so  narrow  a  foundation  I  Indeed, 
tlti«  small  basis  for  so  tremendous  a  theory,  neoBsaarily  brings  into  ques- 
ttou  the  autlior'e  logical  powers,  and  causes  thoughtful  men  to  set  down 
niuch  to  peraonaJ  idiosyncracy. 

Tliese  rudimentary  signs  of  man's  relationship  to  the  beast  are  of  small 
Uiings,  indeed,  bnt  according  to  Darwin,  of  mighty  Higniflcance  :  but  to 
coiniuon  apprehension  of  less  aeoouut  than  the  general  functions  common 
to  moiumal  life,  and  tlie  approximation  of  fonn  between  the  ape  and 
(■^ttn  ;  yet,  all  considered,  leaving  one  a  beast  and  the  other  an  immoiial 
being. 

!■  it  not  competent  for  the  Creator  to  employ  similar  physical  structures 
^ttd  functions  in  animals,  and  to  give  to  all  the  beneHts  of  adaptation  tv 
Uw  food  they  are  designed  to  feed  upon,  the  aituations  they  are  to  occupy, 
^Ad  tbe  life  they  are  Intended  to  l^ve,  without  making  the  one  the  ofl^pring 
of  the  other?  He  who  intended  the  good  of  all,  would  give  tlie  good  inaU 
te  ever;  species,  so  far  as  adapted  to  the  welfare  of  each,  and  this  we  can 
i^KFTe  logically  believe  tlian  that  the  man,  the  monkey,  the  horse,  the  seal, 
*>Bt,  &c>.  have  blood  relationship  through  a  common  ancestor.  It  is  not 
*^re]eome  belief  tliat whether  we  eat  "fish,  liesb  or  fowl,"  we  are  perpe- 
^nnine  a  kind  of  cauiiilialism,  by  feeding  on  distant  relatives,  though  the- 

K  of  relationship  cannot  be  traced,  even  with  the  help  of  Mr.  Darwin. 
Cftn  scieiuM  dispense  with  a  Creator?  The  votaries  of  science  may 
through  special  investigations  until  they  cease  to  see  God  in  Uia 
But  just  so  far  as  tboy  cease  to  see  Qod  as  the  author  of  Nature, 
«m  to  cease  to  uuderstand  the  logic  of  creation,  in  its  jiervasive 
■VMuics,  wisdom  and  magnificence.  Yet  this  theory  of  a  generated 
•^Stion,  if  it  could  bo  believed  to  be  true  or  It^ioal,  must  still  he  taken  to 
IW  upon  a  Creator  and  an  upholder  of  all  nature,  and  of  the  Universe,  while 
*t  will  not  own  Him  as  Author  of  all  kinds  of  life.  But  life  could  not  be, 
■Kir  genoRition,  nor  birth,  nor  growth  without  His  instant  sustentation. 
Aat  ihull  He  nut  create  His  creation  witli  all  tlie  distinctions  of  class, 
!>  yenera  and  species  a»  we  behold  it?  He  must  hare  created  this 
un  Ibiit  wiimiB  it,  the  air,  water  and  food  by  which  all  life 
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must  tivo  ;  and  He  must  have  iidapted  all  lifetothoeecouditions  of  nature 
in  wliicb  it  U  placed.  He  who  would  deny  the  Creator  in  any  part  of  Bis 
worlcH  must  be  prepared  to  do  eo  oa  to  the  whole.  Whatever  he  the  pur- 
poae  of  the  theory  itH  tendency  is  to  leach  men  not  to  boUevu  in  Uod  or 
their  own  souls. 

The  lender  will,  if  he  yield  hia  belief  in  any  degree,  resison  thus,  imd 
say,  if  I  sprang  from  tiu  almost  senseless  piece  of  pritrtine  life;  if  after 
my  ancestoTB  had  aj'rlved  to  the  stage  of  evolution  next  preceding  mail, 
they  vrero  no  more  tlian  monkeys  ;  then,  as  I  heUeve,  these  had  uo  im- 
mortal souls  BO  Iiave  1  not  an  immortal  soul :  If  I  only  differ  fi-om  th«ai 
by  reason  of  a.  moco  perfect  physical  development,  tiiat  of  itself  could 
give  me  no  claim  to  an  immortal  soul.  If  I  sprang  from  the  hcast  I  must 
die  the  death  of  the  beast !  And  this  idea  would  be  strengthened  by  tiM 
supposed  possibility  of  a  reversal  »f  the  process  of  evolution,  under  the 
I  suspicion  of  which  I  would  be  brought ;  for  Darwin  admits  that  altbuugli 
I  the  ancestral  radiments  have  beeonie  wholly  suppressed  for  want  of  u«a^ 
"they  are  neveitlieless  liable  to  o<:ca8ional  reappearance  tlirough  rever- 
aian;  and  this  is  a  circumstauce  weU  worthy  of  attention."  lb.  IS.  80, 
indeed,  it  appears  if  man  be  not  yat  sure  of  remaining  man  ;  if  lie  may 
relapse  to  tlie  ape,  or  Imconie  a  new  variety  and  be  on  the  road  to  becuoH 
a  new  species,  let  those  look  In  tho  possible  consequences  who  have  aa 
extra  tinger  or  toe,  or  whose  t!aDin«s  or  last  molars,  or  slightly  pointed 
ears,  show  kindred  with  the  ape  or  donkey.  If  their  descendants  should 
cease  to  be  man,  can  they  in  law  i  nherit  a  man's  estate  ?  If  there  it«« 
Buch  a  transition  upwards  there  may  as  hkely  tie  downwards.  Who  aux 
tell  what  may  be  the  b'eaks  of  nature,  if  nature  be  not  in  the  keeping  ot 
God? 

Mr.  Darwin,  writing  in  support  of  his  theory  does  not  aliow  tlie  boU 
that  oppose  thdt  theoi'y.  IIu  docs  not  show  the  great  difl'ervuoea 
that  exist  between  the  species  that  be  woulil  approximate.  This  )■  so 
both  when  speaking  of  the  pbysiual  structure  and  tlio  mental  iiow«K. 
When  he  passes  to  tlie  admitted  great  mental  and  moral  disparity  betweon 
even  the  savage  man  and  tlie  must  intelligent  of  the  uiferior  auimaU*  lis 
advocates  tho  canse  of  the  latter,  by  stating  what  they  do  with  tlicir  dd*- 
gatod  power  of  instinct,  and  that  they  also  exhibit  hiatanocs  of  a  gUpn- 
inerlng  reason,  lie,  liowever,  makes  no  near  approximation,  and  admit* 
the  dilference  to  he  enormous  though  the  comparison  Im  mmle  witk  CIm 
lowest  savage.  1  lb.  33,  CT.  The  theory  is  really  based  but  uiwu  tba 
physical  structure,  othei'wiBe  tho  ape  would  not  liavc  been  seloctml  as  Um 
progenitor  of  man,  but  rather  the  bee  or  ant,  the  boavor,  dog  or  deplunt, 
who  are  far  more  sagacious  than  tlic  monkey. 

What  do  we  now  beliold  over  tliu  U,ce  of  the  earth  ?  Every  whure  Uum 
yet  abound  the  animals  through  which  man  is  imagined  to  hare  (hwewndod, 
without  having  Huffered  variation  or  change,  though  exposed  to  the  Uka 
causes  supposed  to  have  wrought  their  fellows  into  man  ;  and  ovorywbnv 
mem,  savage  or  oivUixed.  have  beeu  diHi>ersod  over  the  eartli.  and  have  mt 
l>eon  without  any  evidence  of  niaterial  pliysical  cluxngo,  tliruiighout  aQ 
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the  &^«B  of  their  existence.  Surely,  to  do  away  with  this  great  fact,  and 
the  furtlier  tavt  th.it  nil  is  now  proceeiling  ne  it  Jid  from  the  dnwn  of 
history,  writtex  or  monumental,  we  must,  in  tlie  abBenee  of  all  other  facta, 
«xc«pt  Bjicculatira  inferences  from  very  small  things,  called  rudimintt, 
conclude  that  Ood  made  man  in  the  image  he  now  bears,  physical  and 
menttt],  except  as  man  has  educated  himself^  as  no  utlier  creature  was 
wveT-  endowed  with  the  capacity  of  doing.  The  great  lines  of  demarcation 
wi^reen  the  animal  that  lias  always  followed  only  liis  aligned  instinct, 
^nd  the  higher  being  that  has  always  had  power  to  invent  and  make  the 
'oro«s  of  nature,  and  all  other  animaln  subservient  to  his  unes, — to  invent 
'Aa^l^n^,  writing,  printing,  and  tn  indefinitely  accumulate  knowledge 
****!  perfect  his  own  charatiter, — have  always  existed  over  the  earth,  side 
"y  ^dc,  utterly  incai>able  of  fusion,  and  in  extrame  contrast,  in  their 
*'**:*st  marked  characteristics.  When  we  study  by  the  microscope  we  are 
***>t;  to  disregard  tlie  great  things  beheld  by  the  unaided  vision.  If  we 
**«    the  mote,  we  must  aee  the  Iwain  also. 

S«i  far  I  have  but  quoted  from  Darwin  in  relation  to  the  theory  of  evoln- 

^*>n..     Qis  simplicity  and  cnndor  made  it  easy  to  answer  him  by  his  own 

•***«>lcs.     A  writer  in  the  British  Quarterly,  for  Octolmr,  1871,  appears  t« 

«^Vc  been  assisted  by  microscopic  observations,  and  says  :  "Almost  every 

^^K^rtie  of  the  newt,  ftog,  toad,  and  green  tree-frog,  has  individnal  char- 

^d^ristica  of  its   own,  which   could  be  distinguished   by  one  who  was 

"loroughly  familiar  with  the   microscopic   characters  of  tlie  texture." 

**  Tlie  nerve  Abres  in  every  part  of  the  body  of  the  newt,  differ  in  many 

niin-ate  particulars  I^m  those  of  the  frog."     "  In  these  animals  not  only 

<lo     corresponding  tissues  exhibit  peciiliarities,  but  entire  organs  are 

*****fclly  different."    And  he  points  out  the  differences.     "Again,  if  we 

tekc:  the  skin  of  tlie  four  anlmaln  mentioned  above,  although  it  will  be 

■*on  that  there  is  a  certain  general  agreemeut  in  structure  to  be  recog- 

^W^^mI,  there  is  not  a  texture  of  the  uJtin  that  is  alike  in  them  all,"'  and  the 

'''tcnnces  are  pointed  out,  with  the  assertion  that  "these  seem  to  increase 

hi   axnrnber  the  more  thoronghly  and  the  more  minutely  tlie  tissues  are  es- 

Jilo»wi."  P.  348-0.    If  this  oloser  test  sh.Tll  continue  to  be  applied,  it  prob- 

''^'j^  may  yet  be  believed  that  "  All  flesh  is  not  the  same  flesh  ;  but  there 

**%e  kind  of  flesh  of  men,  another  flesh  of  beasts,  another  of  fishes,  and 

"Xother  of  birds,"  and  that  men  may  safely  eat  all  the  others. 

«*rofiw»or'Wrville  Thomson,  in  a  late  lecture  in  tlie  University  of  Sdin- 
^*^li,  said  :  "During  the  whole  period  of  recorded  human  observation, 
"t*^  one  single  instance  of  tlie  change  of  one  species  into  another  has 
™**«  detected,  and,  singular  to  say,  in  successive  geological  formations, 
"^hotlgh  now  Bjiecies  are  constantly  appearing,  and  there  'un  abundant 
of  progressive  change,  no  single  case  has  as  yet  been  observed 
epeoies  passing  through  a  series  of  inappreciable  modifications  into 
Nature,"  November,  9th,  1971. 
-And  here  I  would  ask  to  read  the  forcible  statement  of  our  Secretary, 
'**.  Lesley,  who  adds  his  authority  and  force  of  logic  to  that  of  many 
***»iiiimt  natni^Bts,  and,  I  believe,  nearly  nil  the  nieniliers  of  this  Society 
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against  the  Darwinian  ttaeor; :  "  If  tliera  hag  been  a  Darwinjan  develop- 
ment of  aiuniai  life  upon  tlie  planet,  then  it  iooks  a«  if  it  had  been  car- 
ried out  along  four  linos  ratlier  than  one.  Fcmi-  etAnd-points  of  crea^ve 
energy  must  have  been  agHiimed ;  four  atartings  out  of  life  must  be 
counted  for ;  four  niysteriea,  four  miracles,  four  lieginuiugi  of  creation, 
to  be  developed  inateart  of  one  !  But  where  all  is  mystery  and  mirftct«> 
additions  are  hardly  noticeable.  It  becomes  Mr.  Darwin's  buginess,  tbenr 
not  ouly  to  suggest  some  plausible,  rational  mode  by  wliicli  one  specie* 
could  gradually  or  suddenly  jtasa  the  short  inteival  which  separates  it 
from  another ;  his  explanation  must  suffice  to  bridge  the  awfUl  chasing' 
which  have  always  kept  tliese  Tour  great  plane  of  structure  separati^ 
along  the  lines  of  tUeir  developmeut,  He  must  show  \u  how 
of  radial  gi-owtli  could  be  developed  into  one  ot  linear  growtli.  Nay,  bft- 
must  fill  up  the  immense  interval  between  the  plant  and  the  animal ;  aad, 
finally,  the  chasm  Iwtween  the  atom  of  carbon  or  hydrogen,  and  tlie 
cleated  cell  of  albumen  or  fibrin.  He  must  explain  the  genius  of  lifB 
itself,  before  he  can  make  his  law  of  natural  selection  stand  for  anj^ing' 
more  than  a  beautifully  worded  de»oriptioii  of  the  ills  that  all  flesh 
heir  to  when  it  is  born  npou  this  planet,  How  it  is  born  upon  Uw  plaoel- 
is  another  matter,  and  romaius  unexplained  by  his  hyi>othesis.  We  di»- 
not  get  rid  of  miracles  by  uliasing  them  bauk  along  the  ages  to  tb« 
ing  point,  and  concentrating  them  there,  A  line  of  battle  is  not  i 
sarily  vanquished  tvnd  annihilated  when  it  Is  rolled  up  by  an  attack  upon 
its  riuik,  when  there  is  a  reserved  force  at  the  other  e:id." 
Origin  and  Destiny,''  p.  78, 

There  i«,  liowevcr,  one  sufficing  explanation  of  the  mystery  and 
of  life — it  is  this :  tliat  tlieru  is  a  God,  and  that  man  lias  an  immoruL 
soul ;  that  this  life  is  but  the  bo^ning  of  an  cndlcHs  being, 
fruits  of  this  faith  is  an  ai'gumeut  of  it«  tioitb ;  and  man  has  cousciousljr 
the  sense  within  him  that  the  life  eternal  awaits  him ;  and  he 
here  conmiunes  with  Beity.  Such  a  life  and  such  a  soul  must  have  had 
a  Creator  infinitely  superior  to  the  being  created. 

It  is  a  decisive  objection  to  the  theory  of  Darwin  that  it  takcH  account 
only  of  physical  structure,  whil-e  the  greater  disparity  between  man  and 
all  other  animate  creatures  cotisists  in  liis  high  moral,  intAlloctiml,  and 
religious  nature.    Lyell  citUB,  to  sanction  Qustrefages  In  saying, 
man  must  form  a  kingdom  by  liimtielf,  if  once  we  i>cnnit  bis  moral  »nd. 
intelleotiml  endowmuuls  to  liave  their  due  weight  iu  cliuwIllcAtion.*' 
"  Antiiuity  of  Man,"  p.  405.     "It  is  by  something  completely  foreign 
the  mere  animal,  and  belougiug  exclusively  to  man,  that  we  must  aHa 
lish  a  separate  kingdom  for  him,"  p.  4M.    Lyell  also  quotas  to  atlojit  tliS 
Archbishop  of  C'aul«rbury,  Dr.  Sumner,  in  aaytng,  that  the 
should  not  be  tnkan  tmta  tlic  upright  form,  nor  even  from  the  vagv 
terra  reason,"  "but  ft-oni  that  jiower  of  progressive  and  impro<vab1w  iva 
son  wliich  in  man's  peculiar  endowment."    ■' Auimata  are  bom  what  Um 
are  intended  to  remain.  Nature  liiwiwstowed  Upon  them  a  certain  rank,  an 
limited  the  extent  of  tlit-ir  copiioity  by  an  iuipUAsnble  ilecie^.     Man,  sli 
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ha*  empowered  and  obliged  to  become  tUe  artificer  of  hiu  own  rank  in 
the  Scale  of  beings  by  tlie  improvable  gift  of  improvable  reason." — lb. 
489—7.  And  Lyell  liimaelf  says,  p.  408,  "We  cannot  imagino  tliia  world 
to  be  •  place  of  trial  and  discipline  for  any  of  the  inferior  anitnala,  nor 
eaa  ajiy  of  tbein  derive  comfort  and  happiness  from  Ciith  in  a  liereAller. 
To  laaD  alone  is  given  tbia  belief,  so  consonant  to  bis  reason,  and  so  cou< 
genial  to  the  religious  sentiment*  implanted  by  nature  in  his  soul ;  a 
doctriuo  which  tends  to  raise  bim  morally  and  intellectually  in  the  scalo 
of  being,  and  the  fruits  of  which  are,  therefore,  most  opposite  in  ckura^ter 
to  those  wbicli  grow  out  of  error  and  delusion." 

The  tendencies  of  the  Authors  now  reviewed  is  the  most  unfriendly  to 
that  religious  faith  ou  which  human  welfare  essentially  depends ;  yet 
it  ia  believed  that  good  will  result  from  the  divuLgcnco  of  their  theories ; 
bat  it  will  be  because  of  their  fliilure  ;  because  they  will  have  compelled 
iMn  to  re-examine  their  faith  upon  the  platform  of  Science,  aiui  thereby 
eonfinn  their  religion  received  by  revelation.  They  wilt  llnd  in  all  truth 
an  aocord  showing  its  source  one ;  and  in  the  constancy  of  nature  tho 
tnithtiilness  of  God.  They  will  find  that  He  who  created  ever  rules  ni» 
creation  and  compels  it  to  obey  His  ordination.  They  will  find  that 
only  man  was  made  in  likeness  unto  Ood,  and  thiit  he  was  made  to  hitve 
dominion  over  all  other  living  creatures.  They  will  perceive  that  Scienoe 
aw  erect  no  barrier  between  man  and  his  immortal  hopes ;  tliat  the  being 
of  an  immortal  soul  stands  elevated  above  alt  other  animated  beings  by  a 
dlMinctioQ  timt  makeH  him  but  "a  little  lower  than  the  angels,"  and  a 
child  of  his  "Fatlier  in  Heaven";  a  Father  who  condeaceuds  to  c 
with  and  be  kuown  of  His  children. 
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Stafed  Meeting,  Jamianj  19,  1872. 
Present  20  members. 


Vice-Presiileiit  Mr.  Fraley  in  the  chair. 


A  letter  of  acknowledgtoent  Ibr  Transactions  XTV.  1.  and 
Proceedings,  84,  85,  was  receive<l  from  the  Bureau  des  Lon- 
gitudes, dated  Ohservatoire  Natiouale  de  Paris,  Dec.  1871. 

Donations  for  tlie  Library  were  received  from  the  Obeerva- 
^ries and  Royal  Academy  at  Turin,  Signor  Denza,  the  Revue 
'olitique. and  M.  A.  P.  Hovelaque,  of  Paris,  the  London  Na- 
•"iWjBr.  Freeke,  of  Dublin,  the  Montreal  Natm-al  History 
wtiety,  the  editoi-s  of  Old  and  New,  and  the  American  Chem- 
'"  llie  College  of  Pharmacy,  Franklin  Institute  and  Acad- 


emy  of  Natural  Sciences  of  Philailelphia,  the  editors  of  the 
Medical  Journal,  News  and  Library,  and  Penn  Monthly,  Mr. 
Eli  K.  Price,  the  Secretary  of  the  U.  S.  Treaaory,  the  De- 
partment of  the  Interior,  the  Engineer  Department,  and  the 
Librarian  of  Congrese, 

Mr.  B.  S.  Lj'man  oftcred  for  publication,  in  the  Tmneac- 
tions.a  map  of  the  Punjaub  Oil  region,  with  cxplanntory 
text.  On  motion,  thie  jiaper  was  referred  to  a  committee,  con- 
eiating  of  Dr.  Genth,  Mr.  Lesley  and  Dr.  Horn. 

Mr,  Cope  communicated  the  following  pajier  on  n  new 
Testudiuate  from  the  chalk  of  Kanaas. 

Oa  'J  new  TeitudiniHt  from  Ihe  CAalk  of  Kan»a». 

By  E.  D.  COPK. 

{Bwd  before  the  Amtricnn  PAilotophieat  SoeUty,  Jan.  ID,  1873.) 

Associated  with  tLo  remains  or  VHttatU;  and  otlier  eaurians,  and  *t  ■ 
diBtanc«  of  two  or  tlii'ee  hundred  yards  fmtn  tho  locality  of  tbe  fmsil 
ProlotUga  gignt,  nere  found  Bonie  vertebiw  of  a  Ti>Btudinate  repUliv 
ivliioh  npproachea  the  type  of  Trionya  lutd  Chtlgdra.  It  illflcrs  «o 
strikingly  fit^m  iKith,  and  from  all  others  yet  known,  as  to  nNiulrv  no- 
tice, !Lnd  as  tlie  parts  preserved  (caudal  vertebrw)  are  tliusa  roost  likely 
to  recur  in  a  well-preserved  state  in  strata  of  tliis  age,  1  iiropow  te 
eetabUab  a  species  and  genus  ou  them,  to  aid  in  the  future  identificatiun 
of  both  strata  and  auimal  type. 

Tlie  vertebrte  liave  elongate  centra  coDcave  below,  and  linvo  wetl-d«- 
velopcd  diapophyKOB.  A  more  anterior  has  traiisverHcly  oval  articulttr 
eictremltioH ;  in  another  they  are  much  less  depressed.  Tbe  UariuvT  U 
tho  more  anterior,  being  known  as  such  by  its  larger  diapophyses  and 
ranch  smaller  articular  surfaces  for  chevron  bones ;  it  appears  pTDbitblc, 
indeed,  that  this  one  has  been  without  these  appondageii.  It  U,  tliet»- 
fore,  from  tlie  anterior  part  of  tlio  series,  from  no  great  distance  behind 
the  sacrum.  Its  position  being  tfaus  determined,  it  may  be  described  ta 
detail  as  follows : 

As  observed,  the  centrum  is  elongate  and  depressed.  The  iufertof 
surface  at  tlie  cup  is  flat,  bnt  is  arched  upwanls,  descending  again  to  Um 
rim  of  tbe  ball.  Tlie  posterior  two-thirds  has  a  median  groove,  whtoh 
terminates  in  a  deep  notch  of  the  ball,  which  involves  oii^tliinl  of  its 
vortical  diameter,  and  widens  backwards.  The  ball  is  tn>nsvcrB«  iwuL 
and  only  moderately  cimvox ;  neiir  its  upper  margin  a  nuiall  dtwp  pit 
lnten\ipt8  its  surface,  having  tho  appearance  of  an  unnsunlly  large  Wt^ 
meutous  iueertion  ;  its  border  slightly  excavates  the  margin  of  the  bftIL 
Tbe  cup  in  a  transverse  oval,  vridor  below.  lt«  infcrinr  and  sapsirior 
margins  are  so  deeply  (but  openly)  eniarginate,  as  to  reduce  the  concav- 
ity in  tiic  vertical  direction  very  much.     From  the  supeiior  cmat^iinn- 
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li'>n,  a  deep  groove  descendH  to  below  tbe  middle,  probably  fur  ligamcat- 
oui  lowttiou.  Tlie  netiml  canal  is  subCri lateral.  The  neural  arch  ia 
uiuiuU  ill  this  group  deeply  emarginate  in  front,  and  inucli  prolonged 
IkKuiiI.  The  Kygapophyses  project  beyond  the  ball,  and  the  arch  is  con- 
tacted in  front  of  them.  Itti  upper  surface  baa  neither  procoas  nor  keel, 
liut  is  rugose  for  ligamentous  and  muscular  insertion.  The  diapophynes 
love  s,  wide  base,  and  are  snbcylindrio. 

Tbesurbce  Is  delicately  reticulate  rugoae,  coarsely  rogose  on  the  extern^ 
*•»«  of  the  zygapophyscB.  There  are  sevenil  small  pneumatic  foramina, 
"le  largest  being  in  the  bottom  of  the  groove  of  the  lower  face. 

Another  vertebra  differs  in  being  rather  more  slender,  and  in  having 
ui  obtuse  keel  of  the  neural  arcb.  Tbe  pit  of  the  ball  is  vrantiug,  and 
^  [nferior  ^marginatiou.  The  chevron  artioulatious  are  larger,  and 
the  groove  of  the  cup  oocupies  the  middle,  instead  of  the  upper  half  of 
the  cup. 

Mtfiturementi,  M. 

Lengtli  of  centrum  (greatest) 0.'2T 

•?-«8*«'-«™"}ESi.r::::::::::::::::::;::::::  :SI, 
3n«Tation  top  neural  arch  above  floor  neural  canal 013 
X«iigth  of  arch  on  median  line  above 03 

Widtli         "       in  fiont  of  posterior  zygapophyses 012 

A  metacarpal  or  metatarsal-boue,  was  found  near  though  not  with  tbe- 
*^n«brm,  and  probably  belongs  to  the  same  animal.  If  metatarsal,  it  is 
Uooh  stouter  than  in  Trionyt,  but  is  more  likely  to  be  met«carpal.  It  is 
*lMmt  as  long  as  tbe  vertebnu,  centrum  and  arch  together.  The  proximal 
■•*d  is  transversely  truncate,  compressecl  L-shaped ;  the  shaft  compressed 
Snb-i|tindrate,  the  articular  extremely  hour-glass  shaped,  with  an  inferior 
f^jection  for  the  insertion  of  a  tlesor  ligament.  Lengtii,  U.  .084  ;  proz- 
i^nal  diameter,  .013. 

1^«ae  vertebne  indicate  a  genus  with  elongate  tail  like  that  of  Chtlgdra 
*^  probably  longer;  but  they  differ  from  those  in  that  genus,  by  their 
P'OcoeUan  character.  An  approach  to  the  incised  margins  is  to  be  found 
"*  3S-ii/n]/x  ;  but  in  those  of  that  genus,  whera  this  character  appears,  the 
''*^>ophy»o«  are  largely  develoiied.  The  genua  is  evidently  iiuito  distinct 
^*na  anything  known,  and  we  await  further  i-eniains  with  interest.     The 

*P*ei«a  ia  mucli  smaller  than  the  Protostegn  gigitt,  and  about  equal  to  the 

^•■SUBippi  MacrotMyt. 

^t    may  be  called  C'TNOCEBCue  iNciacs.    The  remains  on  which  it 

^   eatablishod  wero  found  by  Sergeant  Wm.  Gardner,  of  my  geological 

^Pedition  in  Kansas,  in  the  yellow  chalk  near  to  Butte's  Creek,  south  of 

^^n.  Wallace. 

.  '  l»e  discovery  of  this  species  and  of  the  Prototltga  constitutes  the  first 
'yicatiou  of  the  existence  of  TettudinaUi  m  the  cretaceous  formation 
The  author  originally  pointed  out  the  existence  in  it  o( 
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Bauroptergia  and  Pythonomorpha^  and  during  the  expedition  just  men- 
tioned, obtained  portions  of  pterodactyle»  and  of  a  crocodilian  of  the  gennB 
Hyposaurus.  The  latter  order  has  not  been  previously  known  fh>m  that 
region,  and  their  remains  are  not  common.  Prof.  Marsh's  exploration  in 
the  Cretaceous  of  Kansas  added  Pterosaurioy  but  he  has  not  reported  any 
Crocodilia^  as  I  once  thought,  and  incorrectly  stated.  (Proo.  Am.  Phil. 
Boc.  1871,  p.  174.)  The  crocodile  may  be  called  Hypo$auru$  vebbianui  in 
recollection  of  Dr.  Wm.  E.  Webb,  of  Topeka ;  it  is  similar  in  size  to  the 
H,  rogersii  of  New  Jersey. 

An  anterior  cervical  vertebra  presents  the  following  characteristics :  It 
is  that  one  in  which  the  parapophysis  occupies  a  position  opposite  the 
lower  third  of  the  vertical  diameter.  In  it  the  centrum  is  stout  in  foorm, 
the  articular  faces  but  little  concave,  the  posterior  a  little  more  so  than 
the  anterior.  The  anterior  is  almost  regularly  hexagonal,  the  posterior 
sub-round,  a  little  deeper  than  wide.  The  inferior  surfieMse  possesses  a 
strong  obtuse  median  carina,  which  disappears  in  front  of  the  posterikir 
margin.  Anteriorly  it  terminates  in  a  short  obtuse  hyi>apophyBis.  The 
suture  of  the  neural  arch  is  very  coarse.    Surface  of  the  bone  smooth. 

M. 

Length  of  centrum 087 

Diameter,        "       anteriorly,  vertical 087 

"  "  "  horizontal 081 

"  "       posteriorly,  vertically 088 

"  •*  "  horizontally. 081 

Length  of  surface  of  parapophysis 015 

As  compared  witli  the  H,  rogerm  of  the  New  Jersey  Cretaceous,  this 
vertebra  is  shorter  and  stouter,  and  the  extremities  less  oonoave;  the 
suture  for  the  neural  spine  is  much  coarser. 

This  crocodile  was  discovered  in  a  bluish  stratum,  belonging  to  the 
Benton  group,  or  No.  20  of  Meek  and  Hayden,  encoimtered  in  digging  a 
well  in  Brook ville,  Kansas.*  This  point  is  considerably  east  of  the  ex- 
posure of  cretaceous  rocks  seen  near  forts  Hayes  and  Wallace.  It  is 
interesting  as  the  first  of  the  Grocodilia  found  between  the  Tertiaries  of 
the  Rocky  Mountains  and  the  Cretaceous  of  New  Jersey. 

It  was  given  me  by  my  friend  Dr.  Wm.  E.  B.  Webb,  of  Topeka,  to 
whom  science  is  also  indebted  for  the  polycotyluB  latipinnii,  I  have 
•dedicated  the  species  to  him. 

Dr.  Henry  Hartshorne  read  the  following  paper  on  Or- 
ganic Physics. 

*  This  utratum  ib  similar  to  that  in  which  Dr.  Hayden  found  the  fish  Ap9op€lls  iaurifarmU* 
«t  Banker  UiU. 
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9  title  choseu  for  tliis  paper,  there  may  appear  to  be  Boroething 
>ufl  or  ooatr&dictoiy  :  organic  science  and  physical  science  being 
'Oonunonly  regarded  as  almoat  inoommuiiioable  departmente.  But  as  we 
tutve  long  hftd,  already,  urgouic  eliemiitrg  and  animal  iiue!taRte$,  the  ten- 
ilencies  of  opinion,  ajid  to  some  extent  the  clearly  rational  interpretation 
of  fo«ts,  now  Ibvor  the  re-inclusion  of  organic  natural  science  under  the 
'Wide  t«nn  physics,  from  which  it  became  long  Sigo  separated  upon 
grounds  of  theory,  and  as  it  may  Btill  continue  to  be,  for  the  olasaiflca- 
tious  of  convenience. 

The  proneness  for  unidoatiou,  so  natural  to  human  intelligence,  being 
mettiodically  sanctioned  under  what  is  called  the  "law  of  parsimony," 
tbe  question  from  period  to  period  in  all  fields  of  thought  is,  how  far  can 
we  Itgifi'ttiitety  gft  in  our  simpliflcationBandunilicatiuns?  Proviuonally, 
at  least,  we  must  mark  our  steps ;  as,  what  is  done  iu  these  unitications 
of  science  is  to  aim  at  the  "reduction  of  our  complex  symbols  of  thought 
to  tile  simplest  i>ossible"  appropriate  "symbols."  When  the  alchemists 
Uiougbt  that  they  might  transmute  or  reduce  all  elementa  lo  one,  they 
did  not  succeed,  There  are  now  some  theorists  who  would  reduce  all  our 
Ideas  of  law,  order,  and  causation  in  nature  to  the  one  lAaaa!  continuity. 
I  believe  that  they  will  not  suceeed,  in  the  end,  better  than  the  alchemists. 
^*hu  endeavor  is,  just  now,  being  made  especially  in  the  region  of  life ; 
and  while,  as  already  said,  there  is  enough  to  sustain  fully  the  proper 
■aeJuiton  of  vital  pheuomeiuk  along  with  the  other  phenomena  of  nature 
'*^  phytieal,  I  hold  that  there  is  not  enough  to  establish  this  identity  or 
*^>ne<iUate  continuity,  in  the  sense  inwhioh  it  has  been  asserted  by  some 
*™logistB.  Let  ua  address  ourselves  for  a  few  moments  to  the  elementa 
"**  tl»is  question  in  its  recent  aspects. 

SHiK:  What  do  we  mean  by  life?  What  is  it  that  we  are  to  regard  bi 
"■^Jflfcaeutiated  from,  or  identilled  with,  the  other  physical  forces  of  nature  ? 
"•  m^  drop  out  at  once  the  old  idea,  that  all  actions  of  a  living  body, 
"^^ll  W  digestion,  circulation,  aeration,  and  the  rest  of  the  tpeeial  func- 
^^^k>^  are  properly  called  vital ;  or  that  these  need  to  have  any  peculiar 
^  *ftt(flc  force,  or  phase  of  force,  to  explain  them.  Digestion  is  choml- 
"**!  ;  diculation,  mechanical,  and  so  on.  By  proper  eKclusion,  then,  we 
*^**«  down  to  this  :  that  only  one  (perliaps  a  two-fold)  process  is  truly 
**'*1.  in  the  sense  tliat  its  facta  come  under  the  category  of  no  other  force 
^  lUtnrei.  under  no  other  name  hitherto  known  to  science,  but  that  of 
^^-  And  this  process  is  amimilution,  with  type-formation  or  definite 
T'^K'&l^'ktion  as  lis  result :  the  segregation  of  matter  in  a  peculiar  mo- 
JJ*^**lw  Mate,  whence  comes  its  assumption  of  peculiar  though  rapidly 
;  forms ;  the  chemical  instability  of  the  matter  being  in  direct 
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correopoudonce  with  tlie  mutability  of  ita  fonuH.  Life  is  then  a  changcv 
a  molecular  motion  ;  aud  it  itueds  a  name  for  itself  as  distiuctl^  an  hMtt 
motion,  electrical,  or  any  other  kiud  of  movement.  But,  is  it  the  direct  i 
resultaut  of  tlioee  other  movements?  Is  organic  evolution  simply  ii 
line  or  plane  of  the  conipoHition  of  the  cosmic  forces,  gravitation,  heat^  i 
light,  electricity,  magnetism,  ohemism,  bu  as  to  be  the  mere  < 
these  ?  I  would  say,  no.  Aud  this  is  a  very  different  thing  from  deny- 
ing the  eorreUttion  of  the  vital  and  physical  rorces.  They  are  cleulr 
correlative  ;  but  correlation  is  not  indentity.  And  the  question  is  a  deep 
one,  what  their  exa/ci  relation  ie ;  it  is  now  one  of  the  cardinal  qu««Uonft  , 
in  science.  Because  of  the  wide  variety  of  ita  bearings,  let  us  regard - 
their  meet  general  a&pect  first. 

Grant,  as  a  postulate,  tlie  "conservatiouoffaroo."  Then  tliere  foUowE : 
Ist,  as  its  corollary,  tliat  not  only  is  tlic  total  of  force  in  th 
never  dimiuisbed,  but,  conversely,  tliis  totality  is  never,  by  pbyuoal ' 
causation,  inereuMd.  As  appanont  exiiaiistion  of  force  is  only  ite  ti 
mutation,  so  apparent  increase  of  it  must  also  be  only  transmubitiun  uf  fL 

3d.  No  change,  in  the  nature  or  direction  of  any  force,  can,  in  acootd- 
ance  with  the  second  law  of  motion,  be  eitlier  uncaused  or  Belt-caused, 
that  ia  caused  by  the  force  itself.  Every  such  change  must  linve  ft  sjiocia), 
snfflcieiit  cause.  When,  then,  the  laws  and  tendencies  of  gntvitatiTe^ 
electric,  magnetic,  chemical  aud  bent  and  light  forces  are  known,  and 
nrc  found  to  promote,  by  preference  in  all  instanevs,  the  forautjoo  a 
compounds  of  ttabla  equilibrium,  by  the  union  of  carbon,  hydrogen, 
oxygen,  sulphur,  and  phosphorus,  etc.,  we  must  expect  this  to  be  xtni- 
formly  the  result  of  their  direct  ttction.  And,  therefore,  when  wc  flna 
conspicuously  unstable  compounds  to  be  forni«d  of  those  same  e1eniunt4^ 
although  uitlie  presence  of  the  same  general  forceH,  we  ought  toctmetads 
the  formation  of  sucli  compounds  to  be  the  result  of  anuther  dellnitety 
acting  foi-ce.  When  the  force  x  has  been  proved  always  to  »iet  in 
line  A  B,  and  the  force  y  to  act  in  the  line  C  D,  we  must  be  siire  thM  ft ' 
force  acting  in  Ifae  revei-se  lino  B  ^^  or  D  C,  or  in  any  line  iutemtediiUa' 
between  B  A  And  D  C,  cannot  be  either  the  force  x  or  the  force  y,  ot. 
a  force  resulting  from  the  composition  of  X  and  T,  but  must  be  ouotli 
force,  say  e.  Assuming  the  existence  of  e,  ne  may  then  endeavor  tA  Ksen 
tain  its  relatione  to  the  other  forces ;  and  we  may  also  inquin  whetltcr 
there  may  or  may  not  be  still  other  foi'ces  of  whose  composition  it  Is  tl 
resultant.  So  we  ought  to  cunelude  that  there  is  aspccial  forc«i,*  or  modo^ 
or  line  of  force,  whose  actiou  ia  the  Mxiniihttiuii  and  new  constntctloi 
of  organizable,  priitiiplastnic,  or  bioplasmic  mutter,  booaiiso  the  a 
so  named  involves  a  movement  of  elements  in  direct  uppodtion  bo  d 
pi'oduced  hy  the  iithor  known  forces,  as  shown  especially  and  invailablj 
by  the  action  of  those  forots  upon  the  same  matter,  wliuu  death  occnnu  ' 

I  roay  introdtieo  liore  d  remark  unon  the  chemical  pari,  of  the  disemwion  ; 
whether,  as  a  mntter  of  iaduHion,  all  n  priori  reasoning  apart,  wc  ani 
warranted  in  saying  that  organiuble  matter  Is  and  can  bu  never  prvdut 


W  cheniicsl  or  any  other  general  Mwinic  forccB.  Since  WOhJer's  &nt  for- 

■ution  of  urea  fi-om  carbunatc  of  ammonia,  many  years  ago,  thia  has 

bwn  uucb  arin'^'*'  upon,     NumberB  of  organic  tubittauces  hare  tiinc« 

Wn  mnHe  by  Sei-tlielot  anil  othertt,  by  more  or  lesg  nenriy  direct  nyn- 

tiberi*.    But  mark  UiIh.    With  the  Hiugle  exception,  poutblji,  iliough 

■M  probably,  of  neuriii  (that  exception  remaining  very  doubtful  yet, 

<>p«cially  an  the  mibstance  no  deHignated  aa  made  by  ftyntbrais,  \»  re- 

porteil  to  bv  cryitnlHne  or  cryetalliEablel,  all  the  compounda  ao  formed 

tn>  not  organixable,  but  vhat  I  would  call  patl-erganie  anhBlance^,  pro- 

docto  or  edut!ta  of  retrugiivde  or  downvaril  metumorpboEia ;  excreted  or 

Mulcted, — made  in  aoimal  or  vegetable  bodies  not  by  their  life-force  as 

(ii<-Ji  in  tissue  foimation,  but  by  its  "compoHitioii "  or  balance  alth  other 

fareet,  m  the  retrogreHSive  metamorphosis,  tlie  approach  tonard  waste  and 

■ieath.    It  in  not  gtrmimil  but  effete  formed  matter,  to  ute  the  words  of 

B«ale.    Such,  for  iustauce,  is  even  quinia,  thougu  not  yet  made  Iiy  syn- 

t&esis.     t>uch  may  be  neurin  itself,  iu  the  form  in  which  we  get  it  alter 

the  death  of  a»  animal,  eiuce  no  tissue  is  more  prone  to  change  lioou  after 

deRtti  than  Ihe  nervous.     In  fad,  if  with  L«]imann,  Molescbott  snd  Uiuc- 

Icy,  «.-licmists  rhould  a««ert  that  life  is  ouly  a  prcptrty  of  ceitain  Kub- 

ttanres,  and,  us  some  chemists  at  least  say.  that  those  subEtances  can  be 

aWMl*.*  in  the  lalorato)7,  then  we  must  hold  th*  ro  to  1  he  lest ;  and  deny  die 

formation  of  any  of  those  substances  them  selves,  until  Ihty  are  thoicn  to 

^"n^etl  nil  their  propertitt,  including  life. 

Time  cannot  be  allowed  in  this  paper,  more  thun  to  allude  to  the  pietent 
'Hect  iif  the  cloaely  connected  question  as  to  the  evidmce  of  experiment, 
™  tvrvrenco  to  the  origination  of  minute  foims  of  life.  After  ibe  eonlio- 
''•^y  (which  was  very  active  in  the  day  of  t'rofse's  electrical  experimeiitsj 
™d,  by  elimination,  been  narrowed  down  to  a  chronic  debate  betweeu 
"**tewr  and  Pouchet,  we  arc  now  surprised  by  its  assuming  larger  pro- 
P<»Hicjnj,  Willi  Oweu,  t  lark,  Hughe*  Bennett  and  Bastiau,  coming  out  as 
"'^cided  lielerogenistK,  or  advucates  of  abiogcnesis.  Similar  observaticna 
***d  like  arguments,  however,  come  up  again  and  again.  No  better  case 
**  erer  been  made  out  for  hetetogeny  than  by  Charlton  Bastiiiii  in  his 
*'*Xier»  iu  "Kature,"  1870.  I  need  not  dwell  on  the  known  difficulty  of 
.  *«cuie»s  in  such  experiment k,  froni  the  first  preparation  of  the  appaia- 
k  down  To  the  last  examination  of  the  reeultn  under  the  miero«c'ipe  :  a 
s  regards  Ibe  total  exclusion  of  foreign  pwrticles,  pronounced 
le  experts  to  be  insurmountable. 

d  only  observe  here  tliat  Bastian's  protest  against  F3)>tcur'a  as- 

ni,  tliatthe  prior  weight  of  im probability  isnjyiiiiii'  the  belerogenic 

it  warmnttd  ;  as  Ibe  buideu  of  proof  certainly  does  rest  with 

^ICrOgenitts.     It  being  perfectly  well  known  that   no  experience 

r  the  beginning  of  life  of  tnrstr  forms,  however  simple,  without 

>,  «e  may  KHy  that  since  nothing  lurgvr  than  ,  ^^^  of  an  inch  has 

u  known  to  begin  life  in  an  entirely  inorganic  medium,  the  prob- 

la  vut  that  nothing  nnaUtr  than  ,/go  of  an  inch  diameter  ever 

'Wbilc  we  Hit-  not  able  to  say  that  it  is  impoeiitlt,  those  who  assert 
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it  inuHt  bring  most  cogeut  evidence.  And  the  legitimate  altermitive,  in 
regard  to  all  the  Jieating  or  boiUng  experiments,  is,  whether  we  are  to  ap- 
prehend in  them  new  evidence  of  the  resistance  of  some  low  living  fonns  to 
the  usually  destructive  Intiuence  of  heat,  or  to  assume  the  total  effect 
of  this,  and  then  conclude  that  a  de  novo  origination  of  life  has 
really  occurred.  There  are  many  facts  which  sustain  the  choice  of  the 
former  interpretation ;  facts,  for  instance,  concerning  confervoid  vegetation 
in  boiling  springs,  and  such  as  those  observed  by  G.  Pouchet  and  others, 
proving  the  mai-vellous  t<3nacity  of  rotiferous  animalcular  life.  Jefiries 
Wyman's  exi)eriments  moreover,  seemed  to  show,  that  though  four  hours 
would  not,  live  hours  boiling  would,  prohibit  the  appearance  of  any  vi- 
tality in  the  materials  under  his  examination.  Frankland  and  Calvert 
have  since  strongly  confiimed  the  same  conclusion  by  their  careful  ex- 
periments. No  one,  however  wedded  to  heterogeny,  can  say  that 
we  are  yet  at  the  end  of  our  knowledge  of  tlie  limits  of  vital  resistance  to 
physical  agencies,  including  heat.  But  nol«  further :  that  putting  aside 
(although  Professor  Huxley  does  not  j  as  unjustifiable,  the  supposition 
that  it  was  possible  for  an  obsei*ver  like  Bastian  to  be  mistaken  as  to  the 
really  organic  chamcter  of  the  very  minute  filaments  and  sporules,  ob- 
served by  him  in  tartrate  of  ammonia  or  other  solutions,  under  restricted 
conditions,  we  must  lind  in  them  at  least  something  extraordinarily  dif- 
ferent from  the  life  which  we  are  accustomed  to  observe ;  since  a  very 
important  part  of  the  wliole  process  was  the  entire  exclusion  of  air ;  so 
that  if  there  was  life,  it  was  such  only  as  could  exist  in  distilled  water, 
or  in  vacuo.  And  here,  just  as  in  the  controversy  upon  the  essential  dis- 
tinctions between  animals  and  plants,  since  deoxidation  and  oxidation, 
fixation  of  carbon  and  its  elimination,  are  dh'ectly  opposite  processes, 
thougli  we  may  not  yet  lind  their  separating  line,  still  the  line  must  exitt 
sotnetclitre.  And  it  would  be  taking  for  gmnted  a  great  deal  more  than 
any  evolutionist  has  a  right  to  do  as  yet,  to  suppose,  not  only  that  Bas- 
tian had  thus  manufactured  s2)oniles  and  filaments  living  in  airless  tartrate 
of  ammtmia,  but  that  all  he  would  need  would  be  some  greater  variety  of 
conditions  and  time  to  evolve  from  them  the  whole  system  of  organized 
nature.     Bastian  himself  has  not  yet  asserted  this. 

A  word  more  about  the  above  named  opposition  between  vital  and  other 
cosmic  forces.  It  may  Imj  stated  thus  :  Accoi*ding  to  the  nebular  theory 
mostly  accepted  now  as  the  basis  of  cosmtigony  and  evolution, — the  form- 
ation of  the  worlds  of  our  solar  system  has  been  and  is  attended  con- 
stantly by  the  integration  of  matter  and  the  dissipation  of  force.  I  have, 
in  this  expression,  used  llebei-t  Spencer's  words.  The  spheres  in  consoli- 
dating from  dittused  nebulous  matter  yire  out  force  as  heat.  But,  per 
contra,  orr/ttnizcif  beinf/M  integrate  matter,  and/;/  the*ntn€  time  accumulate 
force.  In  the  language  of  Profess* m'  Barker's  able  discoui*se  on  the 
Correlation  of  Vital  and  Physical  Forces.  *'the  food  of  the  plant  is  mat- 
ter whose  energy  is  all  expended  ;  it  is  fallen  weight.  The  plant-^rgan- 
ism,  in  a  way  yet  mysterious  to  us,  ct>nverts  the  actual  energy  of  the 
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mnlight  iuto  jiotential  etiergy  within  it.    The  fallen  weight  isthiui  raised 
niul  euergy  is  thus  stored  up." 

As  Dr.  Btirk<>r  adds,  the  force  which  iastured  up  is  undeniably  physical; 
but  I  remark  further,  that  the  i)i'oceiis  fty  mhith  it  is  Horfd  i«  of  another 
orfut.  and  involves  a  different  kind  of  physical  foriB  movement  from  that 
liy  which  il  is  eneUeit  atid  exiiemled. 

What  more  fan  lie  made  out  about  thia  mysteriOTis  fon»  of  life?    Kot 

fuach  **  yet ;   but  enough,   perhai«,   to  give  encouragement  tti  inves- 

SigAtion.     Reduetsd  to  its  siiuplest  element,  namely,  tlie  cell,  or  the  physi- 

olof^ical  unit,  life  is  a  prooess  of  xneretion  and  etcretion.     What  goes  iu  as 

too*l  is  mndo  into  tissue,  and  (after  functioning!  eoines  out  as   waste. 

Tb«  fiiucliouing  is  seeoudary  to  it  as  life,  tliuugh  no  doubt  in  itself  pri- 

nka.ry  undur  the  liew  of  purpose.     The  organic  cell  convertii  crystalloid 

S»tonis  or  nioloculea  into  colloid  molecules.     Now  what  i»  the  difference  ? 

no<fc  merely  in  the  fact  of  different  degrees  of  diSusibility,  but  iu  the  state 

of   the  particles ;  the  reason  why  they  are  colloidal  ?    May  we  not  con- 

Joo^urc  thnt  it  nuiy  be  owing  to  a  differentiated  movement  of  the  ntvwt  f 

Oln^niuK  and  others  have  long  since  given  reason  for  supposing  tllat  the 

particles  of  all  gases  are  in  incessant  motion  among  themselves.    May  not 

thefle  Atomic   movements  of  the   three   gases,   nitrogeu,  hydrogen  and 

^ncjrgen,  all  of  which  ai«  atsociated  with  carbon  in  biophum,  be  in  some 

at  ivtained  in  the  integration  of  the  organic  cell  ? 

lotion  is  pi'obably  not  undiU'itora,  like  light,  heat  and  electrical 

but  rotary   or  cycloidal.    For  an  analogy,  I  would  allude, 

rhat  too  boldly,  to  the  theory  of  some  astronomers,  of  tlie  present 

^onstitutiuii  uf  Saturn's  rings  ;  of  multitudinous  small  masses  incessantly 

(»  motion  among  themselves.     And  the  occasion  for  brevity  in  this  com- 

■aunicttion  must  be  the  cKuuse  for  crowding,  before  I  conclude,  yet  other 

^nasAUnnable  proposalsof  analogy ;  asof  the  minute  microscopic  cell,  with 

It*  inwHiil,  and  outwaixi  currents  through  nndiscoverable  pores,  witli  even 

^«  incretions  and  excretions  of  the  sun  and  its  photosphere  ;  whose  out- 

^**^l  and  inward  cloud-curreuts  are  now  being  so  laboriously  studied. 

™nicwhat  less  remote,  certainly,  is  tlie  suggestion  of  analogy  [not  iden- 

"y* )  uf  life-nctions  with  effects  of  some  of  the  other  forces  of  physical 

°^*Ure.     I  would  regard  sexual  union  which  (except  in  mere  itieidualign, 

»a<*]i  Uf,  ii,e  life  of  a  tree  iu  its  cuttings,  or  the  fissiparoua  generation  of 

"'lixiialsi  iii,   until  heterogeny  or  spontaneous  generation  be  proved,  the 

"''Jy  inelliod  of  tlie  indefinite  continuation  of  life, — I  would  regard  this 

••Xtial  luiiou  as  the  true  analogue  of  chemical  union.     The  importance 

"*    ^l-»exuiil  polarity  in  oi^nic  nature  has  hardly  yet  been  fully  appre- 

"*t*(l,     Carlnn  and   oxygen  uniting  give  out  heat,  and   carboiuc  a«id 

*->ich  e»ct|p<.<8.    Organisms  of  two  sexes,  say  the  pollencells  and  germ  cells 

"   a  |ilunt  combine,  and  evolve  /i/*-force,  whose  products  do  uai  escape, 

^t  niHiiiii  as  urgaiiizniile  aud  oi'gauized  protoplasmic  matter ;  det'elop- 

'"R  new  cells  in  couueutiou  with  each  other.     Yet  another  amilogy  with 

(cal  foive-action  may  be  presented.    It  is  known  that  phyllutaxis,  or 
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the  leaf  and  branch  arrangemeut  of  plauts,  follows  a  spiral  law,  arithmeti- 
cally calculable,  and  showing  a  striking  correspondence  with  the  order 
remarked  in  the  successive  distances  of  the  planets  of  our  solar  system 
from  the  sun.  But  what  this  phyllotaxis  still  more  readily  recalls  to  us 
is, — ^the  helix  of  the  electro-magnet ;  or,  rather,  of  the  magneto-electrio 
apparatus.  As  the  opposite  polarities  of  the  magnet  are  to  the  current 
of  the  helix  of  wire,  so  may  be — of  course,  we  do  not  say  is — sexual 
bi-polarity  to  the  spiral  phyllotaxis.  While  a  spiral  tendency  or  move- 
ment cannot  be  so  clearly  traced  in  animals,  yet  some  indices  of  what  we 
may  call  organo-taxis  are  not  wanting.  As  opposite  leaves  are  held 
to  represent  a  double  spiral,  and  whorls  two  or  more,  so  the  bUftteral 
symmetry  of  vertebrates,  articulates  and  some  mollusks,  and  the  whoried 
form  of  radiates  and  ccelenterates,  may  present  or  imitate  results  of  a 
similar  polar  force. 

Another  analogy,  with  which  physicists  may  have  more  patience,  is  of 
a  re  terse  kind,  with  heat.  As  a  spark  of  fire  sets  burning  an  indefinite 
amount  of  combustible  matter  within  its  influence,  so  a  spark  of  life 
vitalizes  successively  an  indefinite  amount  of  viable,  organizable  material 
as  food.  But  the  difference  is,  as  remarked  already,  that  while  the  in- 
crement of  heat-force  instigates  the  continuous  reduction  of  less  stable 
conditions  of  matter  to  those  more  stable,  the  increment  of  life-foroe 
elecates  materials  from  stable  into  unstable  substances,  with  constantly 
transmuted  forms. 

To  conclude  :  By  no  such  ciiide  analogies  as  these  can  any  one  imagine 
that  the  mystery  of  life  is  to  be  altogether  removed.  Tliese  remarks  are 
presented  mainly  to  suggest  and  show  that  inquiry  into  life-force  and  its 
attributes  may  now  legitimately  follow  methods  like  in  nature  those  used 
in  studying  the  other  physical  forces ;  and  to  expand  to  some  extent  the 
germinal  thought,  that,  while  life  or  life-force  must  yet  be  always  differ- 
entiated from  the  other  cosmic  forces,  it  is,  like  them,  a  motion,  or  mode 
of  motion,  whose  study  is  a  part  of  physics— organic  physics. 

I  would  add  that  such  a  view  of  the  correlation  of  biology  with  the 
other  physical  sciences  no  more  interferes  with  a  theistic  and  teleological 
view  of  creation  than  does  the  (now  familiar)  resolution  of  many  once 
called  vital  actions  (as  digestion,  ciiculatiou,  blood-aeration)  into  chemical 
or  physical  acts,  the  results  of  ordinary  forces  of  nature,  which  are  colUh- 
ctitcd  in  the  animal  b«Kly  under  the  conditions  of  vitality.  To  analyze  is 
not  to  create,  or  even  to  show  how  creation  was  effected  ;  much  less  is  it 
to  affoi'd  a  negation  of  the  fact  of  creation  itself.  Yet,  to  analyse  is 
always  legitimate  in  science,  so  long  as  it  is  done  accurately,  step  by  step ; 
and  this,  whetlier  it  i)oint  to  biogenesis  or  abiogenesis,  to  the  origin  of 
types  by  interrupted  apiwjarances  or  by  evolution. 

The  discussion  of  Mr.  l*rice's  paper,  read  at  the  hi«t 
iiieeting,  being  in  order,  Mr.  Cope  made  the  following 
remarks : 


-B  tlio  ««aay  read  I>oforc  tliis  Society  under  tlie  above  title,  adduces  no 
*"»<5*j  for  or  a^iiist  tln>  theory  of  Evolution  not  already  knnwn,  Ilie  ■writer 
^'*^fc  Bul  propoae  to  criticise  it  aa  a  whole.  His  object  is  to  eorrect  aome 
>t^fc(iiiient>!  of  sup[>«>Mid  fiK^  whicb  a,re  germaue  tu  the  argument  of  the 
*^^f^y.  in  which  its  author  has  been  led  astray  by  the  Btatementa  of 
**l»«l'^  or  want  of  familiftrity  with  the  subject. 
'i-Tie  erroneous  slatvments  are  the  followlDg  ; 

Int.  That  tbi>  ip^datiuns  of  variatiomil  and  specific  fiinti  Keen  among 
4om*sticnted  animals  are  peculiar  to  tliein,  nut  l)«ing  found  among  itni- 
Hk^Lls  in  the  wild  Btaie  ;  and  are  tlieret'oro  due  exclusively  to  the  iiitluenoe 
■or    human  interference, 

Scl.  Tlint  fertile  hybridn  di>  not  exiat  in  the  wild  state,  and  tliat  their 
*«:iHtciice  between  domesticated  varieties  is  therefore  evidence  of  their 
''o«»)mou  origin. 

3d.  Tliat  transitions  trom  species  to  species,  as  to  form  and  other  essen- 
ttKls,  occur  neither  in  the  present  period  nor  in  the  succession  of  geologic 


4th,  That  the  examples  of  intermediate  forms,  or  supposed  transitional 
^ttvctnres,  on  which  the  evolutionists  rely,  are  abnormal  or  monstrous, 
<w  otherwise  insufficient  for  the  use  made  of  them. 

These  are  four  very  natural  popular  fallaoioK.  and  the  present  seems  to 
Ik>  a  suitable  oppoi'tunity  for  exposing  them. 

Fint.  That  graded  varieties  and  unstAble  specific  forms  do  not  exist 
mtside  of  doniHStication,  and  are  due  U>  its  intlnence,  etc.  To  find  an 
wiqualittod  contradiction  to  this  statement,  it  is  only  necessary  to  refer  to 
tlie  diagnoHtic  ttkbles  and  keys  of  ttic  best  and  most  honest  zoolo^tt  and 
iHttanists.  It  is  true  that  tliese  diagnoses  are  dr;  reading  to  the  Don-pro- 
fbwionAl,  yet  they  embrace  nearly  all  that  is  of  value  in  tlus  part  of  bio- 
logical science,  and  must  be  mastered  iu  some  department,  before  the 
atudent  in  in  possession  of  the  means  of  forming  an  opinion.  The  neglect 
to  do  this  explains  why  it  is  that,  after  all  that  has  been  written  and  said 
abont  ^eiitean  species,  etc.,  tlie  subject  should  be  »o  little  understood. 
The  ^t  is  thus :  That  in  every  family  or  larger  group  of  animals  and 
plantA,  there  exists  ope  or  more  genera  in  which  the  species  present  an 
Aggregation  of  specific  intensity  of  form  ;  tliat  is,  that  species  liecome 
more  aud  nioiv  closely  related,  and,  finally,  varieties  of  single  species  have 
to  be  admitted  forthe  sake  of  obtaiuing  a  systematic  diaguosis,  which  will 
apply  to  all  the  individuals.  These  varieties  are  frequently  as  well  marked 
as  the  nearly  related  species,  so  far  as  amount  of  difference  is  concerned, 
the  distinction  between  the  two  citses  being  that  in  tlie  varieties  there  is 
a  gmdntiou  from  one  to  the  other ;  in  the  species,  none.  Neveriheleas, 
btftwMii  some  of  the  varieties,  transitions  niuy  be  of  rare  occurrence,  and 
in  the  case  of  tite  "species,"  an  intermediate  individual  or  two  may  oc- 
<if  .Innally  Iw  found,  ThuB  it  is  that  differenctisof  the  varietal  and  of  the 
apeclHc  kindj  ore  distinguished  by  degree  only,  and  not  in  kind,  and  are 
thorefortt  the  results  of  the  operation  of  uniform  laws.     Yet,  according 
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to  the  old  theory,  the  vaneties  have  a  common  origin,  and  the  species  an 
independent  one.  To  cite  examples  of  what  is  asserted,  the  monograph 
of  the  Tenebrionidai,  by  Dr.  Horn,  in  the  Transactions  of  this  Society, 
especially  the  genus  Eleodes^  may  be  mentioned,  or  the  essay  on  the  genus 
Ptychostomiis,  in  the  winter's  "Fishes  of  North  Carolina,"  in  the  Pro- 
ceedings of  the  Society,  may  be  consulted. 

It  is  true  that  in  but  few  of  these  cases  have  the  varieties  been  seen  to- 
be  bred  from  common  parents,  a  circumstance  entirely  owing  to  the  diffi- 
culties of  observation.  The  reasoning  derived  fxpm  the  relations  of  dif- 
ferences appears  to  be  conclusive  as  to  their  common  origin,  unless  we 
are  prepared  to  adopt  the  opposite  view  that  the  varieties  have  originated 
separately.  As  these  avowedly  grade  into  individual  variations,  we  must 
at  once  be  led  to  believe  that  individuals  have  been  created  independently  ^ 
a  manifest  absurdity. 

But  variations  in  the  same  brood  have  been  found  among  wild  animals ;. 
for  example,  both  the  red  and  gray  varieties  of  the  little  homed  owl 
(JScops  asio)  have  been  taken  from  the  same  nest. 

As  further  examples  of  gradation  between  species  and  varieties,  found 
in  nature,  I  only  have  to  select  those  gcneni  most  numerous  in  species 
and  best  studieih  Among  Birds  :  Core  us,  Empidonax,  Buteo,  Falco,  etc  ;. 
Rei)tiles :  EtiUenia,  Anolis,  Lycodon,  Najn,  CttiidUona,  Maps,  Oxyr- 
rhopu^,  etc.  ;  Batrachia:  liana,  Ilyla,  ChorophiluH,  BorborocoeteBy  Ainbly- 
stoma,  Spelerpes,  etc. ;  Fishes :  Ptychostomus,  PhotogenU,  Pleco$tomu$y 
Amiurus,  Perca,  and  many  others. 

These  protean  genera  are  not  the  majority  of  those  known  to  naturalists, 
but  ai*e  (luite  numerous.  That  the  variability  depends  on  a  peculiar  con- 
dition of  the  animals  themselves,  and  not  on  domestication,  excepting  in 
so  far  as  it  produces  these  conditions,  is  plain  not  only  from  the  above 
facts,  but  from  those  observed  in  domestication.  It  is  well  known  that 
while  pigeons,  fowls,  cattle,  dogs,  etc.,  are  very  variable  or  "protean," 
the  pea-fowl  {Paro)  has  maintained  its  specific  characters  with  great  ac- 
curacy, during  a  i)eriod  of  domestication  as  long  as  that  of  the  other 
species  named.  The  same  may  be  said  of  the  Guinea  {Xurnidia)  and  the 
Turkey  {Meleatjris),  These  facts  show  that  domestication  is  only  a 
remote  cause  of  variability. 

Second.  That  hybrids  do  not  occur  among  wild  animals,  etc.  The 
aftii-mative  of  this  question  is  no  more  important  to  the  view  of  evolution 
than  the  revei-se  ;  nevertheless,  if  hybridization  l>e  regarded  by  any  as 
evidence  of  common  origin,  as  the  author  of  "  Phases  of  Modem  Philoso- 
phy," etc.,  believes,  then  some  wild  species  ai*e  undoubtedly  descended 
from  the  same  parents.  There  are  a  few  fertile  hybrids  in  nature,  though 
some  animals  have  been  stated  to  be  such  without  sufticient  evidence  ;  for 
example,  the  Colaptvs  <(yresii  (woodpecker)  is  thought  by  Professor  Baird 
to  be  a  i)ermanent  hybrid  between  the  Eastern  ('.  ornatui  and  Califomian 
C.  mexicauHH,  and  as  it  occupied  the  region  l>etween  the  two  ^Upi)er  3fis- 
souri)  there  is  every  reason  to  believe  that  such  is  the  case^  especially  as- 


it  mingles  and  breeds  freely  witli  both  the  others  on  llie  borders  of  tJieir 
range. 

"hiril.  Thftt  traiisitionn  from  upecies  to  speciefi  ill  the  present  |>eriodg 
t  been  observed  ;  nor  have  they  been  discovered  in  pausing  up- 
:s  through  simtii  of  tlie  envth's  cmst. 

e  ull-auHicient  answer  to  thi«  Htatenient  is  to  be  found  in  the  ini|ier- 

frotion  of  our  aystem  of  claseiHcation  Mready  pointed  out.     Thus,  If  we 

fint  HBsume  with  the  anti-developmentnliBt,  that  varieties  have  a  common 

riar«Titn};e,  and  species  distinct  ones,  witon  intermediate  funnscunnectiug 

Bo-ealled  species  are  discovered,  we  miiBt  uonfeu  ourselves  in  error,  and 

a<lmit  that  the  forms  supposed  to  have  liad  diffei'ent  origin,  really  had  A 

common  one.     Sucli  intermediate  forms  really  establish  the  connection 

ttetween  species,  but  tlie  qucHtiou  is  begged  at  once  by  averting  unity  of 

species,  and  therefore  of  origin,  so  soon  hb  the  intermediate  form  fs  fonnd ; 

for,  HB  before  ciliserred.  it  isnotdegreebut  constancy  of  distinction,  which 

^rsta'bllshes  the  species  of  the  zoClogical  syetems.     Ti'ansitions  between 

species  are  constantly  discovered  in  existing  animals :  when  numerous  in 

i3JdlrirtuftIi>.  the  more  diverse  forms  are  regarded  n«  "aberrant ;"  when 

ffew,  the  extremes  become  "varietieH,"  and  it  is  only  necessary  to  destroy 

-^liennnectant  foi-ms  altogether,  to  leave  two  or  more  species.    As  the 

-^rhole  of  a  variable  species  generally  has  a  wide  geographical  range,  the 

'^ntrieties  coinciding  with  sub-areas,  the  submei'gence  or  otlier  change  in 

CJie  intervening  surface  would  destroy  eunneettng  fomis,  and  lutturall; 

^iToduce  isolated  species. 

Formerly.  naturalistB  sometiiueB  did  this  in  their  studies.  A  sofilogist 
Icnown  to  fame,  once  pointed  out  to  mo  some  troublesome  specimens 
'Vvhich  set  hisattemptsat  definition  of  certain  speciesatdeHanee.  "Tliese." 
•Mud  he,  "are  the  kind  that  I  throw  out  of  the  window."  Naturalists 
^ftiaving  abandoned  ''llirowiug"  puzaling  forma  "out  of  the  window," 
"ttihe  result  of  more  honest  study  is  a  Iwlief  iu  evolution  by  four-flfths  of 

fsurth.  That  the  "variations'"  or  intermediate  types  pointed  to  by 

fcktioiUstH  in  favor  of  their  positions,  are  exceptional,  abnormal,  or  too 

o  be  available  in  demonstration  of  the  origin  sjiecies  in  general,  etc 

of  transition,  intermediate  foi-ms,  or  diversity  in  the  brood, 

red  and  cited  by  naturalists  in  proof  of  evolution,  are  few  com- 

d  with  the   niimbent  of  well   defined,   isolated  species,  genera,  etc., 

h  f^  more  numerous  than  the  autlior  of  the  article  criticised  is  aware 

I  Their  value  in  evidence  of  the  uattu-e  and  origin  of  the  permanent 

eeeme  to  me,  conclusive,  and  to  a  certain  extent,  complete. 

« inductive  proc4A>e  of  reasoning  we  arrive  at  a  knowledge  of  the 

mown  from  tlie  known,  a  process  which  we  act  upon  in  our  d^y 

one  which  constitutes  the  key  W  knowledge.    It  rests  upon 

InvBriability  of  ualure'soperationsimderideniical circumstances,  and 

»  applioKti'in  merely  demands  that  analysis  and  comparison  shall  fix 

Bthe  nature  of  that  of  uhich  isumetltiiig  is  unknown,  is  identical  with 
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that  of  which  something  is  Icnowu.  We  then  witli  certainty  refer  Ibat 
something  whioli  u  kiiorni,  as  an  attribute  of  Miat  objet-t  of  vrliich  tlte 
aaino  quality  lind  Iteen  previously  luikiiowu, 

In  Hpplication  to  the  question  of  evolution  the  following  preliminary 
facts  may  be  aitsumed  : 

1.  Many  species  are  compUiWHl  of  identical  elemental  i>arts  wliich  pre- 
sent miiiur  diltei'euauH. 

S,  Some  of  Uiese  differences  havu  been  seen  to  arise  "spuutaiieouBly  ;" 
that  ia.  characters  liave  mode  their  appearance  in  oITspriiig  of  parents 
which  did  not  pOMcsH  them, — i>r  what  is  the  same  thing,  are  kiiuwu  bu 
exist  in  individuals  whose  pjireutage  in  identical  with  utliera  which  du 
not  possesH  them. 

3.  The  giiiidation  of  differences  of  the  same  elemental  parts  is  one  of 
degive  only,  and  not  of  kind. 

4.  Induction :  Therefore  all  such  differences  have  originated  hj  a 
modification  in  generation,  or  iiave  made  theii'  appearance  without  tnuw- 
tuisaioit,  in  descent, 

This  induction  is  one  of  the  forms  in  which  the  proof  for  evolution  ap- 
pears, though  a  moi-e  cogent  argument  is  tlmt  ah'eady  presented  In  Chiq>- 
ter  I,  of  the  paper  entitled  "On  the  Metho<l  of  L'reation,"  etc..  Pro- 
ceedings A.  P.  B.,  1871. 

The  fiict  that  in  the  majority  of  apeciea,  tlieir  origin  by'desceot  wiUi 
modification  has  not  been  directly  observed,  in  no  wise  invalidates  lh« 
Above  argument.  UalesB  they  present  positive  evidence  against  such 
origin,  these  are  absolutely  silent  witnesses.  He  who  cites  thera  ajfitiiut 
evolution  commits  the  error  of  the  native  of  the  Green  Isle,  who  ww 
present  at  a  murder  trial :  "  Although  the  prosecuting  attorney  brought 
three  witnaases  to  swear  positively  that  they  saw  the  murder  committed, 
I  could  produce  thirt//  who  swore  tliat  they  did  not  see  it  done '.  " 

fiiuiUy,  it  may  be  asserted  tluit  the  Theory  of  Development  is  the 
only  theory  of  oieatiou  befiiro  the  iwientitic  woi-ld  ut  the  present  time. 
The  author  of  "Some  PItases,"  etc.,  says,  in  opposition  to  it.  that  Ood 
made  the  species,  and  tliat  thoir  gradual  evolution  dispenses  with  QU  ftw 
terferencBK  and  autboiidup.  Will  our  author  explain  to  us  hoif  Uod  laade 
the  itpecies  independent  from  the  start?  No  opponent  of  developuimt 
has  attempted  to  do  this,  and  until  it  in  done,  there  can  he  no  theofy  mr 
doctrine  in  the  field  other  than  Iliat  of  Evolution.  The  Bvolulionista  not 
only  beheve  with  the  author  criticised,  that  Ood  made  all  things,  hut  they 
attempt  to  show  in  the  field  of  biology,  hoa  He  did  it. 

If  they  are  correct  in  their  interpi^tation  of  the  facts,  there  can  he,  aad 
is,  no  iuterference  between  their  views  and  the  purest  morality,  and  tba 
most  fliithful  religion. 

Other  membeiw  took  [jart  iu  tlic  discussion. 

On  niolioii.  Mr.  Lesley  waa  elected  Ltbrariao  for  the  oiisa— 
ing  yeiir. 
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On  motion,  the  nomination  of  Standing  Committees  being 
in  order,  those  of  the  preceding  year  were  continued. 

On  motion,  the  reading  of  the  Catalogue  of  Members  was 
dispensed  with. 

Pending  nominations  Nos.  679, 689,  and  new  nominations 
390,  691  were  read. 

Nominations  Nos.  678  to  688  were  spoken  to  by  Nominors 
and  ballotted  for ;  and  on  a  scrutiny  of  the  ballot  boxes,  by 
bhe  presiding  officer,  the  following  gentlemen  were  declared 
duly  elected  members  of  the  Society : 

Prof.  W.  C.  Kerr,  State  Geologist  of  JST.  Car.,  Raleigh,  JST.  C. 

Mr.  La  Motte  Dupont  de  Nemours,  AVilmington,  Del. 

Prof.  William  P.  Trowbridge,  of  Yale  College,  New 
Haven,  Conn. 

Dr.  William  Elder,  of  Philadelphia. 

Francis  Bowyer  Miller,  Esq.,  of  the  Royal  Branch  Mint  at 
Melbourne,  Aus. 

Mr.  Q-uillaume  Lambert,  Professor  of  Chemistry  in  the 
University  of  Louvain,  Belgium. 

Mr.  Persifor  Frazer,  Jr.,  Assistant  Prof.  Chemistry,  Uni- 
Tersity  of  Pennsylvania,  Philadelphia. 

Mr.  George  W.  Hough,  Director  of  the  Dudley  Observa- 
tory, Albany. 

Mr.  William  A.  Stokes,  of  Philadelphia. 

Mr.  Edwin  J.  Houston,  Professor  in  the  High  School  and 
IFranklin  Institute,  Philadelphia. 

And  the  Society  was  adjourned. 


Stated  Meeting^  February  2(/,  1872. 

Present,  fifteen  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

New  members  : — Mr.  Stokes,  Dr.  Elder  and  Prof.  Persifor 
Frazer,  Jr.,  were  introduced  to  the  presiding  officer  and 
took  their  seats. 

Letters  accepting  membership  were  received  from  Prof. 
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Wm.  C.  Kerr,  dated  Raleigh,  N.  C,  January  29th ;  Pro£ 
Edwin  J.  Houston,  dated  3603  Chestnut  street,  Philadelphia^. 
January  30th  ;  Prof.  Persifor  Frazer,  Jr.,  dated  187  S.  Fifth 
street,  Philadelphia,  January  28th  ;  and  Mr.  Wm.  A.  Stokes, 
dated  2026  Delancey  Place,  Philadelphia,  Jan.  25th,  1872. 

A  letter  of  envoi  was  received  from  the  Fondation  Teyler. 

Letters  enclosing  the  draft  of  a  memorial  to  Congress,  for  an 
appropriation  for  observing  the  transit  of  Venus,  were  received 
from  Rear-Admiral  Sands,  dated  U.  S.  Naval  Observatory, 
Washington,  D.  C,  Jan.  18th,  1872,  and  Jan.  30th,  1872. 

On  motion  of  Dr.  Ruschenberger,  a  committee,  consisting 
of  Dr.  Ruschenberger,  Prof.  J.  F.  Frazer  and  Mr.  Marsh, 
was  apix)inted  to  consider  the  subject  of  preparing  a  memo- 
rial to  Congress  for  an  appropriation  for  observing  the  tran- 
sit of  Venus,  in  accordance  with  the  recommendation  of 
Rear-Admiral  Sands. 

A  portrait  of  DAlenibert,  by  Rembrandt  Peale,  was  pre* 
sented  to  the  Society  by  Mr.  JosejJi  Harrison,  of  Philadel- 
phia, who  purchased  it  at  the  sale  of  the  Peale  Collection 
some  years  ago.  On  motion,  the  Secretaries  were  instructed 
to  tender  the  thanks  of  the  Society  to  the  donor. 

The  Secretaries  laid  on  the  table  for  the  examination  of 
the  members  the  87th  number  of  the  Proceedings  of  the 
Society,  just  published. 

Donations  for  the  Library  were  received  from  the  Belgian 
Academy,  the  Revue  Politique ;  Nature ;  the  Canadian  Na- 
turalist ;  Salem  Institute ;  Old  and  Xew ;  Silliman's  Jour- 
nal ;  Journal  of  I*harmaey ;  Franklin  Institute ;  Academy 
of  Natural  Sciences,  Philadelphia  ;  the  Chief  of  U.  S.  Engi- 
neers ;  the  Smithsonian  Institute ;  the  Xew  York  Anthro- 
pological Society,  and  Senator  Sumner. 

The  Anthropological  Institute  of  Xew  York ;  the  Voigt- 
liindsche  Verein  fur  Xaturkunde,  Reichenbacli  a-V. ;  the  Zo- 
oloff-Mineral.  Verein,  Refi:onsbur<r ;  and  the  Verein  fur  Vater- 
liind :  Xaturkunde,  Stuttgart,  were,  on  motion,  placed  on  the 
list  of  corresponding  Societies,  to  receive  the  Proceedings. 

The  death  of  Mr,  Edward  Miller,  a  member  of  the  Society, 
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OH  t^he  Ifit  instant,  at  West  Philaflcliihia,  in  the  62d  year  uf 
hie  age,  was  announce<l  hy  Mr,  Fraley,  with  approjiriale  re- 
marks. On  motion,  Mr.  tfolonion  "W.  Roberts  was  appointed 
to  prepare  an  obituary  notice  oi'  the  deceased. 

TTie  Committee  to  which  was  referred  the  jiaper  and  map 
of  !Mr.  Lyman,  on  the  PunjaiibOil  Region,  refiorted  in  favor 
of   its  pnblicfltion  in  the  Transactions. 

Air.  Lyman  exhibited  a  large  map  of  the  region  between 
Ra-wul  Piiideo  and  the  Salt  Range,  published  by  the  British 
Oov^erameiit,  and  described  the  zoological  structure  and 
miTieralogy  of  the  country. 

I>r.  G.  B.  Wooil,  referring  to  his  previous  communications 
of  the  use  of  jwtaeh  salts  in  agriculture,  luade  some  addi- 
tionfil  remarks  on  that  subject. 

Professor  Co[>e  offered  for  publication  in  the  Proceedings 
a.  j«aper  on  "  The  Families  of  Fishes  of  the  Cretaceous  Form- 
atioii  of  Kansas." 

T*ending  nominations  Nds.  689,  690  and  691  were  read, 
and  the  meeting  was  adjourned. 


Tnjueafe  of  Freih  Wood-A»hf  on  the  Orouth  of  WAtat,  Polatoet,  ^<*. 

By  Dr,  Gbohgk  B.  Wood. 
{Raul  before  the  Amerietn  Philotophieal  Socief)/,  f^hruitry  3rf,  1872.) 
™  ■  cwnmaniwition  mfule  to  the  Society  nt  their  mcotiug  of  January 
^*i  18T1,  in  relation  to  the  efficiency  of  fresh  wood-ashea  in  the  revival 
*^  pntnaturely  failing  fruit-trees,  I  took  occusion  to  Huggegt  tlmt,  itpon 
"**  same  principIoN,  they  might  prove  equally  clUcacioiis  in  preventing 
^"  ClUiire  ot  dellciency  of  the  wheat  crop,  so  commoD  of  late  iu  the  old 
•*ttl«d  [larts  of  our  t'ountry.  The  opinion  was  based  on  tlie  lai^e  pro- 
^'''^iMi  of  potaasa  found  in  the  ashes  of  the  wheat  plant,  when  burned  in 
"  gwwing  Htat« ;  exceeding  as  it  does  twenty  times  that  of  common 
^••Mliod  ituhcs.  Wlieat,  therefore,  reijuirea  a  very  large  relative  pro- 
^•^tlM  of  the  ftllcnii  for  its  growtli,  more  than  can  be  derived  from  on 
^UauKtcd  iMil,  even  when  aided  by  mnnure,  which,  though  it  contains  a 
^''■aiilentble  iiuantity  of  the  salts  of  potassa,  cannot  yield  enoujjb  to  the 
'^^Vtt^  wheat  to  insure  a  lai-ge  crop.  But  this  waa  mere  speculation, 
**<I  the  qliestiou  could  be  decided  only  by  experiment.  .Accordingly,  as 
***t«I  in  my  laAt  communication,  1  selected  an  acre  of  ground,  and  divid- 
^  it  into  three  pnrts,  treated  one  with  ashes  alone,  another  with  ashes 
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and  swamivmuck  coi\iointly,  and  the  third  with  muck  alone ;  the  muck 
being  applied  a-s  ordinary  manure,  and  the  ashes  sprinkled  upon  tlie 
ploughed  ground  at  the  same  time  with  the  sowing  of  the  wheat,  and 
tlien  haiTowcd  in  along  with  it.     This  was  done  early  in  the  autumn  of 
1870.     Even  during  the  same  season,  the  eye  could  readily  perceive  tlie 
more  hixuriant  growth  of  the  wheat  where  supplied  with  ashes,  and   a 
line  of  division  between  this  iKiilion  of  the  lot,  and  that  simply  manurecL, 
was  very  obvious.     But  the  point  in  question  could  not  be  decided  until 
harvest  time  next  year.    Unfortunately,  circumstances  prevented  me  from 
being  present  at  that  time,  and  I  had  to  dei)end  for  the  result  upon  tlie 
report  of  my  agent,  in  whom,  however,  1  have  great  confidence.     He  re- 
ported that  he  gathered  the  wheat  fix>m  small  and  jwrfectly  equal  por- 
tions of  the  two  divisions,  of  which  one  had,  and  the  other  had  not  been 
ashed  ;  finding  no  such  difference  between  the  two  ashed  portions  as    to 
render  it  worth  while  to  distinguish  them.     On  separating  and  measuring; 
the  wheat,  he  found  that  the  quantity  from  the  ground  where  the  aalies 
were  used  was  about  double  that  from  the  part  which  had  been  supplied 
with  nuick  alone,  and,  in  relation  to  general  productiveness,  was  in  t^l&« 
projHirtion  of  about  27  bushels  to  the  acre,  far  exceeding  the  ordins^ry 
crop,  which,  though  under  peculiarly  favorable  circumstances,  it 
sometimes  e(iual  30  bushels  to  the  acre,  does  not  often,  according  to 
exi>erience  and  observatit^n,  exceed  12  or  !/>  bushels.     It  should  be 
tioned  that  the  ground  on  which  the  exi>eriment  was  made  was  of  nea-rly 
equal  quality  throughout,  and  very  poor. 

But  I  have  to  mention  a  fact  connected  with  these  proceedings,  wU-i^^ 
^oes  still  further  than  anything  yet  said  to  prove  the  efficacy  of  i>otasl.:A    ^^ 
the  wheat  culture.     The  conunon  poke  is  a  plant  abounding  in  the  siB-^**** 
of  potassa,  and,  therefore,  selects  for  its  own  growth  new  and  rich  so*^*** 
which  have  not  yet  been  exhausted  by  cultivation.     Upon  the  heap^    ^^ 
iiwamp  muck,  thrown  up  on  the  bortlers  of  cranberry  meadows  in 
process  of  their  pi-epamtion,  the  jwke  springs  up  very  rapidly  and  (^ 
iously,  so  as  in  a  short  time  to  comi)letely  cover  the  heaps  ;  and  the  ^^^^ 
at  once  recognizes  a  nuick  bed  by  this  luxuriant  covering.     By  gath"*^  ^^' 
ing  and  burning  tliis  copious  crop,  we  obtained  a  quantity  of  ashes   ^J^ 
markably  rich  in  i>otassa,  containing  at  least  45  parts  of  the  alkali  in  1  ^-J"" 
of  the  ashes,  and  thei-efore  very  nearly  equaling  in  this  respect  the 
ing  wheat.     To  test  the  quality  of  some  ashes  thus  obtained,  we  sub 
tuted  it  for  the  common  wood  ashes  in  a  small  space  of  that  divisio 
the  ground  which   was  treated  with  this  material.     Within  this  s 
«pace  the  wheat  grew  most  luxuriantly,  with  stems  higher  and  stro 
and  heads  longer  and  fuller  than  those  of  the  plant  in  other 
the  lot ;  and,  when  the  crop  was  gathered,  the  produce  was  foun 
be  in  the  proi>ortion  of  thirty-eight  bushels  to  the  acre,  exceeding 
more  than  one-thiixl    that  obtained    under    ordinary  wood-ashes, 
the  pi*oportion  of  the  alkali   in  the  two  kinds  of  ashes  used  was 
only  point  in  which  they  materially  differed,  the  neoeuary  infere: 
is  that  the  diflerence  in  the  amount  c»f  product  was  owing  exdusivelj^^  ^ 


the  niicti  greater  proportion  of  pot.LKsa  in  tbo  poke-dslics,  which 
ext-'eeded  by  more  tlinu  20  times  that  of  the  wood-aBlies ;  and  Air- 
thei',  tliat  all  thu  effects  of  aslies  iti  pruiiiotiiig  the  growth  of  wheat 
are  a«cribable  to  Uie  alkali  couiained  in  them. 

Tbese  experiments  were  raiide  on  too  amall  a  scale,  and  witli  too  little 
precision  in  quantitj  utid  meaijiii«ment,  to  anlhoriKe  any  very  exact 
conclusion  as  to  the  effect  of  ashes  upon  growing  wheat ;  bnt  tliey  are 
niflicisnl,  I  tliink,  to  prove  that  the  eReut  is  ver;  great,  and  tliat  the  iai- 
nier  may  hnve  recourse,  with  great  hopes  of  advantage,  to  this  agent,  if 
attaiuable  at  a  snitAble  price.  If  the  plan  be  generally  adopted,  the  ashes 
would  soon  foil ;  but  I  have  uo  doubt  tliat  commercial  potash  might  be. 
Huhstituted  fur  tliem,  with  at  least  equHl  eB'ect ;  one  pound  of  it  being 
eiiuivak'ut,  I  pvesume,  to  about  a  bushel  ol'  the  best  wood-ashes.  Should 
the  uupply  of  commercial  potash  fail,  recourse  may  be  had  to  tlie  alkalt 
iW  now  pi-otiured  f^m  mineral  sources,  which  will  probably  prove  iiiex- 
haustihle. 

A  few  remurks  on  the  mode  of  using  the  ashes,  or  their  aikaline  substi- 
tute, for  the  promotion  of  the  wheat  crop,  may  be  acceptable  to  those 
who,  wltliout  previous  experience,  may  be  disposed  to  try  the  measure. 

When  leached  ashes  have  been  used  as  a  dressing  for  wheat,  for  which 
experience  has  loug  showed  that  they  are  among  the  best  fertilizers,  they 
have  be«n  applied  in  the  same  manner  as  ordinary  manuiti ;  being  Arst 
spread  upon  the  surface,  and  then  turned  under  by  ploughing.  This  method 
is  ourrect ;  because  the  very  small  proportion  of  potawtu  crontuined  in 
leached  ashes  is  in  the  form  of  the  insoluble  silicate,  which  CAiinot  be 
dittolwd  or  canied  away  by  the  rains,  but  which  is  probably  slowly  cTon- 
Terted,  as  wanted,  into  the  soluble  carbonate  by  the  influence  of  the  I'Ool- 
lei«,  which  then  absorb  it.  The  imleached  ashes,  containing  the  alkali  in, 
a  soluble  slat«,  cannot  be  treated  in  the  same  niaiuier ;  as  their  alkali 
would  be  dissolved  by  Ihemin,  and  carried  away,  in  great  measure  beyond 
the  rea*h  of  the  nxits.  I  have,  therefore,  caused  the  ashes  to  bo 
sprinkled  or  otherwise  spread,  as  equally  as  possible,  over  the  surface  of 
the  ploughed  ground  at  the  same  time  tliat  the  wheat  is  sowed,  and  the 
two  then  to  be  harrowed  in  together.  The  grain  is  thus  brought  into 
contact  ftitJi  the  ashes,  aiul,  when  the  alkali  is  dissolved  out,  is  ready  t* 
appropriate  it  to  its  own  development.  But  as  all  the  unappropriated 
Alkali  is  probably  dissolved  out,  and  carried  away  by  the  winter  raina,  I 
ilimit  that,  in  the  early  spring,  another  coating  of  ashes  sliould  be 
aprinkled  over  the  youn^  wheat,  so  as  tu  yield  it  a  supply  of  the  alkali 
during  tlie  growing  period. 

The  same  plan,  eseentially.  should  be  followed  iu  the  use  of  commer- 
idnl  puUtfih.  Being  extremely  soluble,  it  should  first  be  dissolved  in  water, 
HUd  the  Holution  then  sprtidcled  over  tlie  ploughed  ground  at  the  sowing 
Of  tlie  whoiU,  and  again  in  the  early  spring  upon  the  crop  as  it  is  begin- 
"tng  to  gi*ow. 

'  Lt0  the  precise  quantity  of  ashes  or  of  commercial  potaah  m  be. 
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UMd,  in  proportion  to  the  extaut  of  grouDii,   1  aid  not  prepared  r — . 
.say;  but  I  believe  tliat  I  bave  employed  from  33  to  QO  buEtlieUof  tlm^ 
fr«ah  wood-oehea  to  tlie   acre.     1    have   no   doubt,   howeTcr.   tliat   tba^ 
quantity  might  be  greatly  exceeded,  not  only  safely  but  with  odraiibig^^^ 

ae  shown   by  the  effects,  before   mentioned,  of  the  poke  Bullet  wliii ^ 

miiHt  have  been  eijuivalent  in  alkaline  strength  to  !it  least  !M  tinivs  ti —  -^ 
qunntity  of  coniniou  unlenched  ashes. 

Every  fanner,  in  whone  family  the  ashes  are  lixiviated  for  tUe  prepattttic 

of  soft  soap,  h&s  it  in  his  power  to  make  a  little  experiment,  the  result  ~ 
which  may  dutennine  his  future  counte.     Let  him  l>eg  from  tin?  wiimeu..^^ 
bucket  f^  of  lye,  and,  after  sowing  his  wlieat  in  the  autumn,  let  him.  ^^^ 
tneaiiEof  a  tin  watering  ean  with  iierfurated  spout,  Hpiinkle  ibe  '"t" 
eqiuiUy  over  a  emull  portion  of  the  Seld,  and  rejieat  the  proci'fs  upon  tfli^H 
same  plot  of  ground  when  the  wheiit  begins  tu  resume  its  growth  in  ■~^* 
spring.     If  he  find  the  product  >if  the  small  plot  thus  treat*<l  greally 
exoeas  of  the  average  of  the  field,  lie  may  gnin  conlldenuc  tu  procetnl  oii^^^ 
larger  scale,  atid  tlius  perlinps,  materially  advance  his  income. 

Within  about  a  year,  my  attetition  lias  been  attracted  tu  the  poti^     - 
CK>)>,  with  reference  to  the  use  of  fresh  asbea  in  it«  eultivalinn,  nnA_ 
bave  Utile  doubt  tliat  the  same  treatment  TRuy  be  applied  to  thii*  an  tu  t  -^M 
trheat.  with  at  least  equal  advantage.    On  oonaulting  the  irhi-mienl 
tborities,  I  ftmnd  tliat  the  stems  and  leaves  of  the  common  Irish  poi 
aie  even  richer  tlian  tbe  wheat  plant  in  the  salts  of  potasM ;  their 
containing  ."iS  jmrtit  of  potnssa  in  tlia  1000,  while  the  proportiKii 
ia  only  47.     Now  the  potato  crop  ha*  of  late  yeara,  in  my  ueighburbi 
been  much  mure  uncertain  than  formei'ly ;  even,  I  tbink.  inik>iH>n(lo<i^ 
of  the  disease  wbicli  has  front  time  to  time  made  so  much  buvoc  ws. ' 
tliis  crop.      It   is   highly  probable   that   the   onuBe.   as  in   tbe   cnse 
fiTiit   troes,    may  l>e  a  deficiency  in  the   supply   of  [jotaw*,    and    it 
not  impoHHible  that  the  disease  which  in  believed  to  have  its  i>riglii 
n  microscopic  fungus,   may,   like  the  worm  at  the    [■^■ot  of  tbe    jwa*^  ' 
dei>cnd  upon  the  deprivation  of  the  alkali,  which  niny  be  nncoHA-' 
t«  the  protecUon  of  tbe  plant  agaiJist  these  low  piiraeit«H.     T<>  dvt«^ 
mine  thit  point,  as  fUr  as  a  single  otutervatiou  could  do  » 
quantity  of  potatoes  planted  laHt  spring  in  rows,  a  certain  nuinlwj-  «-- 
which  were  supplied  with  fresh  ashes  In  the  hil1(<.  while  Ilto  i-pnuiiiMt<^ 
were   treated   only   with   manurv.     In   the   row«   in   wliicb   B»ti«>H   wv. 
uwd.   the  plant  grew  much  more  vigorously  than   in  the  otlient.   »ia< 
tbe  product  in  potatoes  yrjn,   1  beli«ve,  :il>out  <loiible  ;  though  I  cauito' 
recall  the  preoiae  ligure,  in  this  case. 

I  IiAve  nndcrway,  thisseoson,  an  experiment  on  the  applleiitin>nnr 
ashes  to  the  wheat  crop  on  a  much  larger  scale  than  tJie  fir^t ;  anU  my  li*' 
teution  is  to  pursue  u  similar  plan  with  the  potato,  at  tbu  time  of  |(Unt' 
ing  in  tho  spring.  Bbould  I  he  spun-'d  to  see  tbe  ruHulta  of  tlieov  trlabv  ' 
hoiie  to  be  able  to  present  a  statement  alioiit  them  (o  the  Society.  Should 
-iUw  omorbuii^  nSkr,  I  tattnd  aiaa  to  tqr  how  faoto  trill  fttWqit^M> 
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il  close  this  cunimunicBticin  without  i-cferrtng  lu  tlic  original 
mtgect  of  tlie  revival  of  pcvniaturely  failing  p«ach  tnes.  I  have  eoa- 
tiliuetl  lo  appl7  sshes  in  the  same  manner  as  at  lust,  in  the  autumn  nr 
vpring.  or  lioth.  tu  tlie  different  kiuds  of  frtiit  trees ;  and,  I  believe,  with 
nnifunnly  favorable  results.  The  peach  orchard,  which,  four  yienrs  ago, 
appeanril  to  be  iu  a  dyiug  Atate,  aiid  had  for  Mveralseasoimoeiwad  tobear 
iruit.  is  now  in  a  Tigi>rou«  state,  aud  last  summer  yielded  tt  ooplous  crop. 
The  old  apple  urohard,  nhidi  welsiso  woiiilerrully  revivi'd  two  years  aiiiee, 
«antinu(is  apparently,  exoeptiothecaseurn  fuw  trcoB  dying  rrouiuldago, 
-to  bold  all  tliat  it  had  gained,  though  w«  lost  the  crop  last  year  through 
tfaedestructiiuiof  tlieblOHsumBbyalate  froet.  The  pears  uud  iiuinces 
«f  wliiob  the  hlosEoniiug  period  differed  from  that  of  the  apple,  so  that 
they  escBjied  the  (rust,  were  fidl  of  fruii ;  and  I  was  partit-utarly  struck 
'with  one  old  quince  tree,  wliich,  before  tbc  use  of  oahes  had  borne  scanty 
crops  of  a  sni»ll.  imperfect,  knotty  fruit,  but,  last  year,  under  tlie  inllu- 
«nce  of  a^es,  was  loaded  with  smooth  and  well  formed  iiuinces. 

I  liBvo  not  yet  been  able  to  form  any  iKiBitive  eonnlusion  in  relntion  to 

the  protective  effect  of  fresh  ashes  aguiiist  the  curculio  in  the  jilunt  tree  ; 

tiDt  I  uiu  prosecuting  some  incjuiri^s  ill   this  direction,  and  hope  befure 

Jong  n>  be  able  to  solve  the  iiuestlou  eitlier  favorably  or  unfkvorality. 

tt  cunfesa,  however,  that  I  am  by  nd  means  sanguioe  of  the  former 
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IS  THE   FAMILIES  oF  FISHES  OF  THE  CRETACEOUI* 

FOItJlATION  OF  KASSAiS. 

Bv  E,  D.  CorE. 

■nd  bffore  l/ie  A"u^rif"n  Phihuiiililftl  .SociVfy,  ./■iiuniri/  5(/i,  1H73, 1 

SAlR(»DONTID.E. 
t'ope.  I'roi'.  AniKi-.  I'hiloa.  Soo.,  IM7I),  p.  rr29,  llayden's Survey,  Wyoming, 

etc.,  1^71.  p,  414. 

A  (-unsiilei'nble  ncivsitiou  uf  material  belonging  to  several  sjicciGs  of  this 
flunily.fumiBlies  important  additions  toi>ur  knowledge  of  their  structure, 
MmI  eoableH  me  to  determine  their  aflinities  with  mure  preoiHiun  than 
hervlofctre.  The  results  .ire  nf  value  to  the  student  of  comparative  anat- 
omy, aud  also  to  the  palieuiitologist,  as  they  appear  to  liuve  been  tlie 
imsdeminaDt  ty|ie  of  luariuu  lishes.  duilng  the  ci'i-tnceous  peritHl,  in  the 
K'onh  American  seas,  and  to  have  been  abundant  in  those  uf  Europe. 

Tie  ohnnKters  already  lUBigned  to  the  family  are  iviniliiued  by  the  new 
-■PMlloa  discoverod,  and  many  additional  otieH  added,  as  follows  ; 

Tli«  cnuiial  structure  cannot  be  fully  made  ini I,  but  the  following  i>ointe 
"'•y  be  I'egardad  us niicettained  :  The  br<iiii  ruw  is  not  oontinued  between 
^  orbits,  and  the  basis  oranii  is  double  aud  with  the  musculai'  tube 
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open.  A.  large  latenil  cavity  is  enclosed  by  the  pratitic,  the  [iterotio,  ti 
epiotici  etc.  There  are  no  esoocipital  condyles  ^ud  that  of  tite  baMu« 
cipit»1  ifi  a  uonic  cup.  The  pteixitic  aiul  postfrontal  are  w«ll  develupcd^ 
The  ethmoid  is  well  developed  and  slightly  narrowed  at  its  anterior  « 
tremity.  The  parasphenoid  is  narrowed  and  elongate ;  the  vomer  I 
g  witli  it  and  is  nlightly  expanded  and  tlieii  contracted  at  tl 
Lor  extremity  ;  neither  it  nor  the  parasplienoid  support  teeth  in  M 
of  the  known  genera. 

The  premaxiUary  lionen  ave  aliort,  and  funn  but  a  small  {vulfon  of  tl 
upi>er  jaw.  The  maxillary  iit  elongate  nud  simple.  Tliu  hyomandibuU 
is  rather  narrow  and  does  not  present  an  elongate  [Kdanclc  fur  the  o 
oulum.  The  symplectic  is  well  developed,  entering  far  into  the  infeffic 
quadrate.  The  latter  is  a  broad  bone,  largely  in  contact  with  the  met 
pterygoid,  which  is  itself  a  thin  plate,  not  probably  attaining  the  pt« 
otic.     The  superior  branohihyals  are  short  rodn. 

The  relations  of  the  »upraoccipital,  parietals,  fVontals,  etc.,  cannot  f 
be  satisfoctoHly  made  out,  owing  to  the  obscurity  of  the  sutnreB.    Ifi 
theless  the  following  points  may  be  regarded  aa  prohahty  reliable. 
frontals  have  a  rather  broad  tioion  with  the  ethmoid,  and  are  <• 
by  suture  throughout  their  lengtli.     They  do  not  extend  much  ( 
to  the  orbits  and  are  succeeded  by  a  ratlier  narrow  pair  of  bones  m 
extend  to  above  the /orunwn  wuffiiKm,     These  are  not  uniteil  by  r 
bat  present  thickened  Hmooth  edges  to  each  Other,  and  appear  tlierafoi 
tu  have  been   sepaiuted  by  a   fontaaelte.     Each  is  separated  by  serta 
suture,  from  a  broad  lateral  bone  which  is  perhaps  the  plerotic,  atul  ce 
tainly  includes  that  element,  as  it  supports  the  hyomnndibnlar.     It  is  &i 
easy  tu  determine  what  relation  tlie  median  bones  bear  to  tin*  aupno 
cipitat,  but  the  structure  looks  a  good  deal  like  that  ohanurterixing  ti 
Silurida,  or,  considering  the  large  pterotics,  like   the   MoriHjfriitm  pla 
the  fontanelle.     The  shorter  Torm  of  the  ptorotic  in  Ibe  C/uirneittiA*  ai 
the  CalMiloiniUc*  causes  considerable  dllTerence  in  their  appoarsnoe-  ' 
is  no  indication  of  fimtanelle  btitween  the  frontals  in  Portheuf. 

Portions  of  the  scapulie  of  Porthtut   inoloinni,ii  and   other   spocles^  a 
preserved.    Tbey  have  very  stout  articular  surfaces,  and  allhuugb  ii 
complete,  have  enclosed,  more  or  less,  a  vei'y  lai-go  fmitniicllr.     The  s 
perior  surface  is  the  larger,  and  is  followed  below  by  two  othem,  the  up- 
per Hubvertical  and  small,  the  lower  hu'ger  and  transverse.    Tluwe  w 
surfhoes  supporting  two  basilar  elements  of  the  pnctoral   fln.     Thm 
were  perhaps  three  basilars,  but  the  liase  of  the  uoracoid  display*  ■ 
snrfaiie  for  articulation  of  a  third.     The  suture  with  ibo  conimid  a 
immediately  below  ttie  lower  condyloid  surfaces,  and  passes  ju«t  1 
tbe  suapular  fontanelle,   leaving  in  tho  speoimous  a  froctuiMl  « 
which  prolubly  supported  a  pmcoraouid,    Tliere  are  two  fiactiired  b 
of  the  ooracoid,  which  probably  unite  below,  t^neloisiug  a  foramen, 
the  Bcapulo-coracoid  suture  jUHt  wittiJn  the  Kpar-e  l>^tw(-r'n  the  two  iofet 
condyles  is  a  smooth  hemispherical  pit  of  considerable  sixe,    Jiut  in  fr 
of  it  Is  another  of  cresceutic  form. 
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A  partially  complete  circle  or  bones  couvev  on  one  nAv,  concave  on  the 
Otlicir,  wiis  round  witli  the  reniuiuB  of  two  species  of  Portheut  twd  one  of 
lehthyodtetei.  They  lunk  IUcb  n  feltfoUc  otnifiealu/n,  &aa  aa  tkougli 
moulded  on  a  globe.  They  are  not  segmented  as  in  Reptilian  sclerotic 
oarilicaUons,  nor  do  tliey  seem  to  bave  been  eoin]ileted  circles. 

The/«Hiwiii  boiiei,  or  those  svipporting  tlie  ventral  fins  are  pieaei'ved 

iti  tehthyodfoten  aniiiSet  and  a  PoTthr.vt.     Tbey  are  clos«)y  united  pos- 

Cfiixiorlj,  the  inner  margins  grudually  approximating  to  the  union,  which 

im  accumplifilicd  by  tJio  application  of  the  subcylindric  posterior  part  of 

elie  liones.     In  Porl/imca  they  are  united  by  a  coarse  suture.     There  are 

n*:>  jMMterior  processes,  hut  tlie  anterior  are  long  and  slender.     Each  is 

divided,  the  inner  portion  being  rod-like  ;  the  ext^riur  plate-like.     Tho 

iXt^X  is  probably  the  sliorter;  exteriorly  it  rises  into  an  obtusi;  ridge  on 

Ih«   lower  side,  and  the  plate  then  expaads  backwai'ds  as-well  as  outwards 

tx«svx*ly  I'nclosing  u  large  sinus  nith  the  liase  of  support  of  the  tin.     The 

ti»>-«»ipporting  siu'&ce  is  sub-round,  with  two  exterior  and  one  interior 

iLrt.idilar  surAices,  and  a  projection  in  Uie  middle,  which  has  one  or  two 

lae^io-ular  facea  of  smaller  sixe.     The  basL-  of  the  anterior  pnyectiona  is 

B.tl»^r  broader  in  teJithj/fidrcttt  than  in  Perdieiit, 

Tliree  kinds  of  tpitm-tlke  ruyi  or  Bupi>ortB  of  the  11ns  have  Iwcn  found 
R  <3<>nncction  with  remains  of  upeeicR  of  tliis  family,  and  the  proper 
'*''«ar-«uc«  U<  their  positions  and  species  is  as  yet  in  some  degree  unuvrtoiu. 
Fij-Kt.  TliB  elegantly  segmented  compound  rays  originally  rcferi'ed  to 
***V*^ftud-iiH  by  Agassia,  anil  described  by  me  under  the  species  Btmro- 
*-*J*A^liii  thaviiiiit.  appear  to  be  referBbl<j  to  the  genus  Portheut,  and  to  bo 
•'*&p<irl8  of  the  caudal  tin.*  Secondly.  Spines  composed  of  nnsegmented 
"•ys  vlostily  nuitt'd  edge  to  edge,  and  arranged  like  the  fulcra  at  the  base 
"^  t4i(>  external  rays  of  the  caudal  fin  of  recent  tishes.  That  is,  the  Ilrst 
'^'Tf  short ;  those  succeeding,  increasing  very  regularly  in  lengtJi  to  the 
**»*t,  whicli  forms  the  apex  of  the  spine.  The  oblinnely  truucat«d 
■^^troniitit's  of  these  rods  form  a  continuous  sharp  edge,  which  is  coated 
^'tU  eiiiamcl,  and  may  be  straight,  tir  interrupted  with  low  knobs.  Tha 
•"rju^r  kind  Iwlongs  probably  to  Portliest  and  the  latter  to  lehthyoiieelti. 
'^  is  nearly  related  in  character  to  the  spines  of  EiUttei,  the  onaroel  eoated 
^'u1>a  of  JeMUguilttUi  rising  into  veritable  teeth  in  the  carboniferous 
K*»«>titt  Thuiw  spines  areimsymmetrical,  andbelongeither  to  the  pectoral 
***"  Ventral  tins,  To  whieb  Uiey  sliould  be  refarred,  it  is  not  now  easy  to 
'™*'>«lc.  The  living  allies  of  tlio  Hiinrod&nlidtg  do  not  possess  ventral 
*l*'tocB,  nor  do  tliey  exist  in  PhyBuBtomouB  fishea.  In  tJie  Sil^iroiiln,  the 
l^^^^tuml  tins  arc  supported  by  strong  spines,  wiuch  remotely  retiembla 
^•^  l<n:sentonc8  in  tieir  comitound  cha-racter. 

"^hinl.  There  are  nnmerooa  flat,  mom  or  less  curved,  spines  or  rays,  of 
"****Il  diameter  compared  with  the  length.  One  surface  iscovcred  with  a 
r***,  generallystriate-groovcdlayerof  «namel,aiidouuedgeia  trenchant. 
^••3    tide  of  this  edge  in  more  or  less  obtusely  rugose,  or  thickened. 

*i-(«  (l3T<]'-ii'>Kr]>iin,  I.e.,  p.  41B.  wbctii  UiJktIcw  liliclit. 
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These  rays  thin  out  to  the  extremity,  which  in  some  cases  at  least  is  not 
contracted.  These  rays  are  composed  of  appressed  halves,  are  muym- 
metrical  with  basal  hook,  and  belong  no  doubt  to  paired  fins.  If  thoie 
already  described  are  pectoral,  these  are  ventral,  and  nice  versa,  A  aeries 
of  them  found  together  had  much  the  form  of  either  of  these  fine,  while 
their  number  would  identify  them  with  the  ventral.  In  the  lajs 
found  together,  the  first  only  had  a  trenchant  outer  margin^  whOe 
several  had  a  rabbet  along  one  side  of  the  posterior  margin.     I  have  a 

already  described  such  a  spine  as  pertaining  to  the  pectoral  fin  of  /dUAfv-        

dectes  prognathus. 

The  vertebra!  in  all  the  si^ccies  certainly  assignable  to  this  group,  aie 
where  known,  deeply  two-grooved  on  each  side,  besides  the  pits  for  the 
insertion  of  neurapophyses  and  pleurapophyses,  except  in  the  cervical 
region  where  the  lateral  grooves  are  wanting.  There  are  no  diapophyaes. 
The  caudal  vertebrse  are  rather  numerous  but  not  so  much  so  as  in  Amia, 
nor  are  they  so  much  recuiTcd  as  in  that  genus. 

Until  the  structure  of  the  posterior  cranial  roof  and  of  the  scapular 
are  fully  made  out,  it  is  pi*eniatui*c  to  state  x^recisely  the  affinities  of 
family.  So  far  as  known  they  are  Isospondyli  with  some  characters  o&^:»  of 
the  Sahfionidt£,  and  some  of  other  significance.  The  large  foi 
behind  the  prootic  bone  is  more  Clupeoid  in  character.  The  femoral  boi 
are  more  like  those  o£  the  Pkctospondj/lt,  dividing  in  a  measured 
of  the  Cyprinidie  with  those  of  the  Mormyrid^,  The  vertebne  an^r-sK^re 
Clupeoid,  while  the  mode  of  implantation  of  teeth  is  i)eculiar. 

Synopsis  op  Genera. 

I.  Jaws  without  foramina  on  the  iimer  face  of  the  alveolar  margin. 

Teeth  of  une(iual  lengths  in  the  maxillary  and  dentary  hon!Q%„Portheu9^  ^^  «•• 
Teeth  of  unequal  lengths,  cyUndric lchthyod€eU$'^ ^ltt%* 

II.  A  series  of  fomniina  on  inner  side  of  alveolar  wall. 

Teeth  with  sub-cylindric  crowns Saurodans^^ ^^^^^ 

Teeth  with  short  compressed  crowns. Sauroeephalum  ^9-  Su». 

Thei*e  are  some  other  forms  to  Ihj  referred  to  this  family,  whose  cibMM:^^  ^^*^ 
acters  are  not  yet  fully  detennined.  Thus  Ilypsodon  Agass.,  fromth^f  ^^  ^^ 
European  chalk  is  related  to  the  two  gcnei*a  lii*st  named  above,  but  asis  ^^  ^ 
left  by  its  author  in  the  Poissons  Fossiles,  includes  apparently  two  generLtf^^^at'^c 
forms.     The  first  figured  and  described,   has  the  mandibular  teeth  o  .m  o( 

equal  length.     In  the  second  they  are  unequal,  as  in  Portliexi^  to 
genus  this  specimen  ought,  i>erliai)s,  to  be  refeiTed.     Both  are 
tomous  fishes,  and  not  related  to  the  Sphynrnida^  where  authors  hi^  iia"  ^ntT 
generally  placed  them.     Retaining  the  name  Hypfodon  for  the  genus  wi^  ^^nitb 
equal  mandibular  teeth,  its  i-elatiims  to  Ichthyodecte*  remain  to  be  detK;^f'^tor- 
mined  by  further  study  of  the  //.  ferciiu/inin, 

A  species  of /r/d /A //'/(/tT^<.!*,  from  the  chalk  of  Sussex,  England,  1 1  fljiir  ^      utJ 
but  not  des('rib<Ml,  by  Dixon,  in  the  (T(.Milo<;y  of  Sussex. 

A  numlK'r  of  forms,  erroneously  referred  by  Agassiz  and  Dixoi^ 1,  to 

the  genus  S^uroccjfhaluf,  have  bei-n  referred  by  Leidy  to  a  genus  he  c^^valli 
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^trtotphff rmna,' yrith  tvo  apecws,  P.  ferox  and  P.  striata.  The  latter 
much  resembles  a  Sauritrepholui,  having  equal  teetb  ;  while  the  former 
prolwbly  includes  suveral  species,  anj  possibly  genera.  The  teeth  Urst 
referred  to  it  resemble  those  of  P.  ftriata,  while  others  resemble  those  of 
Partluuii.  An  ezamimttioii  of  the  figures  of  the  mandibles  of  tlie  last  in 
Dixon's  work,  show  tbnt  tlie  large  and  snia.11  teeth  occupy  different  nreoa, 
BepaAt«d  by  grooves  in  a  mauaer  quite  distioct  from  anything  seen  in 
Portheui ;  but,  .should  it  prove  ideaticnl.  it  can  scarcely  be  regarded  as 
typical  of  Prolatphjirifnii,  which  name,  moreover,  bus  never  been  accom- 
pftuied  by  the  uecetisiiry  doscriptlou. 

Dr.  Leidy  applied  the  name  of  Xiphactiavt  to  a  genus  indicated  by  a 
■pine,  in  some  degree  like  those  regarded  above  us  ventmls  of  Saw^ 
dontida.  It  is  quite  distinct  fl'om  those  assigned  to  PoHhev*  and  lehthg- 
*4tete»,  and  may  belong  tu  Sauroetphalut,  aa  already  suggested,  or  to 
another  geuus. 

PORTHEUS.    Copo. 
[Proceed.  Atn^r.  Phitot.  Soc,  1871,  p.  173.1 

Teetli  euliL'yliiidric,  witliout  Mirrate  cutting  edges,  occupying  the  pre- 
maxillary,  maxillary  and  dentary  bones.  Sizes  irregular,  the  premaxil- 
laty,  medium  maxillary  and  anterior  dentary  teeth  much  enlarged.  No 
.foramina  on  inner  face  of  jnws.  Teeth  on  the  premaxillary  reduced  in 
Utunber.  Opercular  and  preopercular  bones  very  thin.  Cranial  bones 
not  sculptured. 

The  fislies  of  this  gunus  were  rapacious,,  iind,  so  far  as  known,  of  large 

-  fiiee.  They  constitute  the  moat  formidable  type  of  Physosrfimous  fishes 
known.     Thi'ee  species  are  known  to  the  writer,  one  from  t«eth  only, 

.  from  the  Miocene  of  North  Carolina,  but  not  ct'ttatuly  known  to  be  an 
intruaive  ci«taceous  fosuil ;  and  two  from  Kansas.     The  latter  are  rep- 

-  resented  by  more  or  less  numerous  fragmentB  of  eleven  individuals, 
Uuve  of  wliich  possess  large  portions  of  the  cranium,  one  almost  entii'oly 

.  complete.  Two  of  the  remainder  embrace  jaws,  and  one  a  large  part  of 
the  vertebral  column,  with  segmented  rays.  In  one,  these  rays  were 
fotind  with  the  cutting  compound  ray  above  descnbed ;  while  tlie  simple 
ftst  ventral  rays  occur  with  several  specimens.  In  none  have  any  traces 
of  symmetrical  spiuous  rays  been  found,  nor  strong  intemeurals  capable 

-  of  supporting  such.  In  none  of  the  mora  perfect  specimens  with  crania 
hnvc  the  segmented  always  been  found,  but  the  fossil  of  P.  thaumat, 
wliere  tliey  occur,  is  repi«ftented  by  a  vertebral  column  and  its  append- 
ag«a,  wliiuli  do  not  differ  appreciably  from  those  of  i*.  molotive. 

In  the  uranium  of  tlus  genus,  there  lA  a.  well-marked  supraorbital  rim. 
Each  apisthotic  forms  a  prominent  augl«,  dinected  posteriorly  on  each 
«ide  of  the  exoccipital.  The  parasphenoid  is  n  stout  and  narrow  bone, 
deeply  emurginate  behind,  for  the  jiassage  of  ilte  muscular  camd.  It  has 
a  transverse  espansion  in  front  of  the  base  of  the  proOtio,  which  i*sls  on 
iward  continuation  of  the  same.    This  exiiansion  is  pierced  lK>hind 

•Tmuf.  Amtr.  Phlluf.  Si>c..  WW, 


Oope.]  332  ^j^ 

by  two  round  foramina.  The  shaft  is  abruptly  contracted  in  front  of  tlie 
expansion,  and  is  trigonal  in  section.  The  prefontal  extends  down- 
wards and  foi-wards,  and  carries  inferior  and  anterior  articular  faces; 
the  latter  vertically  ti-ansverse.  The  postero-inferior  portion  of  the 
ethmoid  bears  on  its  posterior  extremity  a  concave  articular  flEice,  which 
opposes  that  of  the  prefrontal.  The  floor  of  the  brain-case  in  fh>nt  is 
supported  by  a  vertical  style,  which  is  bifurcate  above,  and  rests  on  the 
pai*asphenoid. 

Of  the  teeth,  in  general,  it  may  be  added  that  their  pulp  cavity  is  rather 
large  at  the  base,  but  rapidly  diminishes  in  the  crown.  The  mode  of 
succession  is  by  diixjct  displacement  from  below.  The  young  crown  rises 
into  the  pulp  cavity,  and  destroys  the  vitality  of  the  crown,  while  the 
root  is  absorbed.  Numerous  empty  alveoli  are  to  be  found  in  all  the 
jaws  of  this  genus,  in  which  examination  will  often  detect  the  apex  of 
the  crown  of  the  young  tooth. 

The  vertebral  in  this  genus  are  rather  short,  but  not  so  much  so  as  in 
sharks.  In  P.  than  man,  nearly  eighty  dorsals  and  caudals  were  pre- 
served ;  those  without  lateral  grooves,  or  cervicals,  are  not  numerous. 
Tliero  are,  perhaps,  not  more  than  four  voilebne  supporting  the  caudal 
fln,  though  this  is  difficult  to  determine,  owing  to  the  concealment  of  the 
tei-minal  centra  by  bases  of  radii.  There  are  seven  haimapophyses  in  the 
support,  all  flat  except  the  first,  which  is  like  those  anterior  to  it.  The 
second  is  articulated  freely  to  its  centrum,  and  is  wider  than  the  others. 
Its  condyle  is  characteristic,  being  double,  and  with  a  foramen  between 
it  and  the  produced  extremity  of  posterior  margin  of  the  bone.  It  is 
slightly  separated  distally  from  the  tliird,  but  the  remainder  are  in  close 
contact.  The  radii  of  the  superior  lobe  of  the  caudal  tin  extend  at  least 
as  far  down  as  near  the  end  of  the  third  hivemal  spine  from  below.  The 
structure  of  these  parts  in  the  P.  laolosuvs,  vlyg  as  in  P.  thaumas,  so  far  as 
preserved. 

As  some  of  the  Hjnties  are  not  referable  to  their  pi-ecise  species  in  this 
genus,  they  may  be  described  here.  A  large  compound  spine  foimd  in 
the  blue  limestone  sluile  in  Fossil  Spring  Canon,  is  composed  at  the  base 
of  about  twenty-six  narrow  double  rods.  A  few  api^ear  between  the 
others  beyond  the  base  making  thirty-one  altogether.  They  are  very 
oblique  to  the  general  base,  but  curve  so  as  to  become  nearly  straight, 
and  enlarge  distally.  They  tenninatc  in  a  thickened  portion  which  bears 
an  acute  edge,  which  truncates  them  oblitpiely,  fomiing  the  cutting  edge 
of  the  spine.  This  i)ortion  is  enamelled ;  the  edge  is  slightly  convex  at 
the  base,  and  slightly  concave  at  a  point  probably  beyond  the  middle. 

M. 

Length  of  fragment  (12  inches) 0.30 

Width  at  base 12 

Thickness  at  base 012 

Thickness  at  broken  end  an  inch  from  edge 007 

This  is  a  fonnidable  weapon  and  could  be  readily  used  to  split  wood  in 
its  fossilized  condition. 


1*T3«l|  """'  [Oop*. 

'i"lie  tliird  rurm  of  Kpine  is  represented  in  most  of  tlie  sjiecitis,  bnt 
ac»^a  (cries  of  mys  with  spine  may  not  lie  referable  to  any  of  thorn.  The 
t»ft'C^r  lit  Hat  and  curved,  the  convex  edge  trenchant  bejond  the  middln. 
Tlae  pasleriiw  edge  is  obtuse  but  narrow,  and  exhibits  a  slight  groove  oR 
oix^  side  medially ;  proximal];  there  is  a  shallow  nbbet  whose  door  is 
trs^xisTersely  rugose.  Several  layers  of  the  tissue  of  the  spine  beyond  the 
bta-ssil  portion  Are  delicately  lougitudLnally  striate.  The  distal  half  is 
brvrklfen  away  ;  length  of  fragment,  one  foot ;  width,  1.5  inches ;  thiokness 
at    xuiddle,  5  lines. 

■"ilie  species  of  this  genun  may  be  distinguished  as  follows  : 

<K,  Tiicth  without  acute  edges. 

laSrge  maxillories  five ;  second  premaxillary  larger  than  the  first :  tliird 
ndiliulnr  targe,  l)ehind  a  oi'osc-groove  ;  lost  large  mandilnilnr  followed 
bSr    IC— Ismail  teeth P.  malonut. 

X.^rge  nuuciUaries,  three ;  first  premaxilliiry  liu^r  than  second ;  third 
iwi»i»idibular  small,  no  cross-groove  in  frnnt  of  it ;  twenty  small  t«eth  be- 
h&xkdlast  large  mandibular P.  Iliaumat, 

*»*i,  Large  t«eth  witli  cutting  angle  in  front. 

Teeth  large,  not  compressed P.  ausulaiut. 

POBTKECS  M0L08SCS.      Copc. 

(PriK.  Amcr.  Philos.  Soo.,  ISTl,  p.  173.) 
Represented  by  four  individuals,  one  from  Fox  Cafiou,  near  Foit  Wal- 
lace, with  complete  cranium,  and  many  vertebra  and  radii ;  a  second  from 
tnutlier  part  of  the  same  ravine  with  large  part  of  cranium,  and  a  tliiid 
uidtourlh  from  lower  Butte  Creek  bluffs,  both  with  fragments  of  cranium 
u\A  mhcr  iwrtinns.  In  the  first  specimen  the  jaws  are  gierfect  and  denti. 
U*m  complete. 

Th«  prriivnUlarg  is  vertically  oval,  convex  externally,  nearly  fiat  within, 
UKl  more  than  half  underlaid  by  an  anterior  lamina  of  the  maxillary, 
"Hw  anterior  or  ine<1ian  margin  is  regularly  convex  and  exhibits  no  sur- 
*>»  or  suture  for  union  with  the  bono  of  the  opposite  aide.  Its  post«rior 
■"•tglu  extends  obliquely  bjwkwftnls  to  beneath  the  superior  articular 
Wlidyle  of  the  maxillary  and  has  a  ragged  margin,  though  the  suture  is 
*QliU»OHnl.  Its  superior  margin  is  deeply  inflected  in  front  of  the  con- 
Vle  anil  tliou  convex  and  thickened.  The  anterior  niurgin  is  thick  and 
'^'S'<a«  with  tubercular  exostoses.  There  are  but  two  teetli,  which  are 
'"'T  Inrge,  and  directed  obliquely  forward ;  the  first  in  two-tliirds  the 
"ittmeter  of  the  second,  ' 

^'>S  miwHUiry  is  a  large  lamiuiform  bone,  with  the  upper  margin  cou- 
"•"Hbly  thickened  proximally  but  much  tbiimed  distally.  It  is  abruptly 
.  '^trRctwl  at  the  distal  two-thirds  its  length,  apparently  for  the  attaeh- 
°'"ot  of  n  suponrnmsrary  bone.  The  extremity  is  oiirveil  sabre-shape 
■Pwardu,  and  has  an  acute  toothless  edge,  The  teeth  are,  four  small,  five 
.^^^ondeighteen  small.  Tliese  teeth,  except  the  largest,  havecylindrio 
(and  bases  of  the  latter)  are  slightly  compressed  or 
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oval ;  they  are  straight  and  regular,  and  lean  backwards.  The  middle  one 
of  the  five  is  largest,  being  six  times  as  long  as  the  small  ones,  but  little 
more  than  half  as  long  as  the  large  premaxillary  or  mandibular.  The  sur- 
face of  the  maxillary  is  rugose  with  small  tubercles  on  its  lower  hali^  and 
has  sliallow  grooves  for  nutritious  vessels  running  downwards  and  for- 
wards. 

The  mandibular  rami  are  short  and  deep,  and  have  but  little  mutual 
attachment  at  the  symphysis.  They  are  not  incurved  at  that  pointy 
and  were  bound  by  ligament  only.  There  is  no  coronoid  bone  and  the 
articular  is  distinct.  It  is  short,  of  a  rather  iiregular  wedge  shape,  and 
suppoii;s  half  the  cotylus,  above  which  it  sends  a  short  acuminate  process. 
The  angular  has  a  prominent  angle,  like  half  an  ellipse  somewhat  con- 
tracted at  the  base  ;  below  it  has  a  rough  prominent  muscular  insertion. 
The  bone  extends  in  a  long  sword-shaped  process,  on  the  inside  of  the 
ramus  to  beyond  its  middle ;  externally,  it  is  soon  covered  by  the  thin 
truncate  edge  of  the  dentai-y.  This  element  is  very  large.  From  the  an- 
gular it  rises  steeply  to  a  coronoid  process,  wliich  has  a  slight  outwardly 
twisted  eminence,  and  then  follows  a  gently  concave  line  to  the  symphysis. 
The  teeth  are  as  follows :  two  large,  a  ti*ansverse  groove ;  three  large, 
four  very  small,  nine  medium,  and  two  very  small ;  total  twenty.  These 
teeth  have  straight  cylindric-conic  crowns,  with  enamel  without  stria)  or 
facets.     The  larger  are  a  little  compressed. 

Measure iH4:nt8  of  Jaws  ami  Teeth, 

M. 

Length  premaxillary  bone 007 

Depth  **  "      093 

Thickness  on  alveolar  margin 016 

Length  crown  of  second  tooth 046 

Diameter  do.  at  base 014 

Length  maxillary  bone  from  premaxillary 270 

Depth  **  at  condyle 08 

"  at  middle 046 

Length  crown  tliird  large  tooth 038 

Diameter  do.  at  base Oil 

Length  crown  second  small  tooth  from  large 006 

Diameter  do.  at  base 004 

Length  ramus  mandibuli 350 

of  angle 04 

of  angular  bone  anteriorly 08 

Depth  at  coronoid  process 112 

**      at  fourth  tooth 08 

Length  crown  llrst  tooth 038 

Diameter  do.  at  base Oil 

Length  crown  fourth  tooth 055 

Diameter  do.  at  base 016 

The  opercular  bofies  are  tliin  ;  the  ojierculum  broad,  the  preoperculum. 


n 
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rather  narrow.  The  latter  is  without  armature,  and  has  some  depressed 
grooves  radiating  towards  the  circumference.  Length  of  bone  vertically, 
M.  .245  ;  radius  from  inner  curve,  .09. 

The  vertebra  display  deep  lateral  grooves ;  articular  faces  smooth. 

Length  centrum,  M.  .028  ;  diameter,  .043.  The  fan-shaped  haemal  spines, 

or  second  of  the  caudal  fin  is  like  that  of  P.  thaunuis,  but  smaller.     The 

last  caudals  contract  in  size  very  i*apidly  ;  the  cup  of  the  penultimate  or 

last  is  transverse  diamond  shaped. 

The  fragments  of  the  sabre-shaped  spin^  display  several  layers  of  par- 
allel striate  dense  bone,  and  the  edge  is  tubercularly  dentate,  and  one 
side  is  much  more  rugose  than  the  other.  At  the  base,  one  side  is  Hat ; 
fitu^  other  convex,  and  there  is  a  transversely  mgose  band  near  one  edge. 
The  scaXe%  are  thin  and  cycloid,  and  though  large  are  not  remarkably 
so  for  the  size  of  the  fish. 

Measurements  of  Cranium, 

M. 

Length  from  angle  of  opisthotic  to  anterior  extremity 
of  ethmoid 0.30 

Length  from  same  to  front  of  prootic 11 

**  "    postfrontal  to  prefrontal  across  orbit 11 

**           **    occipital  condyle  to  transverse  process  of 
parasphenoid 117 

Length  from  do.  to  bottom  parasphenoid  emargination    .055 
"        parietal  bone  on  outer  suture 07 

Width    do.    at  middle 014 

"         do.    to  edge  pterotic 07 

**         frontal  at  middle  orbit 04 

**         parasphenoid    do 03 

Length  inferior  quadrate 10 

"        condyle  of   do 0.03 

**        symplectic 064 

The  gape  of  the  mouth  of  the  Portheus  molossus  extended  the  whole 
Xength  of  the  cranium  proper,  and  far  beyond  the  orbits,  since  the  max- 
^Sllary  reaches  to  opposite  the  occipital  condyle.  The  orbits  were  large. 
*The  lower  jaw  was  deep,  and  gave  the  countenance  that  bull  dog  expres- 
^on  from  which  it  derives  its  name.  The  body  was  short  or  moderately 
elongate.  As  materials  for  a  restoration  of  this  fish  exist,  I  will  give 
one  at  a  future  time. 

Portheus  thaumas.  Cope. 

(Sauroeephalus  thaumas,  Cope.  Proceed.  Amer.  Philos.  Soc.,  1870,  No- 
vember. Hayden's  Survey,  Wyoming,  etc.,  1871,  p.  418.) 
This  large  species  rests  on  a  specimen  without  cranium,  originally 
procured  by  Professor  B.  F.  Mudge.  The  parts  preserved  are  not  distin- 
guishable from  the  corresponding  ones  in  two  individuals  obtained  by 
myself  in  Western  Kansas,  which  include  the  greater  portions  of  the  jaws 
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and  suspensorial  apparatus.  These  indicate  larger  animals  than  those  of 
P.  molo88U8,  and  probably  indicate  the  most  powerful  of  the  Physosto- 
mous  fishes,  equaling  in  this  respect  many  of  the  saurians  which  were 
their  contemporaries. 

Tlie  distinguishing  features  of  the  species  liave  been  already  pointed 
out. 

The  premaxillnry  is  an  obliquely  oval  bone  or  subpentagonal ;  the 
sutui*e  with  the  maxillary  is  not  toothed,  and  the  anterior  or  free  edge  is 
smooth,  not  tubercular  as  in  two  specimens  of  P.  moloMUi.  There  are 
but  two  teeth,  of  which  the  anterior  is  immense,  and  the  second  little 
more  tlian  half  its  diameter.  The  tnaxillary  is  stout,  and  supports  in 
front  four  very  small  teeth,  then  three  very  large,  of  which  the  median 
is  largest.  The  teeth  recommence  very  small  and  closely  placed  in  the 
same  line ;  but  as  the  extremity  of  the  maxillary  is  lost,  the  number 
cannot  be  stated. 

The  dentary  is  similar  in  form  to  that  of  P.  moloaui,  but  has  rather 
more  numerous  teeth.  Counting  from  the  front  there  are  two  large,  one 
rather  small,  two  large,  and  eighteen  small  and  medium  follovring,  the 
smallest  from  third  to  ninth,  inclusive.  None  of  the  crowns  are  pre- 
served, but  the  alveoli  are  round  or  nearly  so.  The  large  tooth  of  the 
premaxillary  if  proportioned  as  in  P.  molonsus  must  have  projected  M. 
.0755,  or  three  inches  above  the  alveolus  ;  the  fourth  mandibular  was  bat 
little  smaller. 

Measurements  of  Jaws. 

M. 

Length  premaxillary 075 

Depth  "  09 

Deptli  maxillary  at  condyle 08 

Thickness     "      just  behind  condyle 025 

Length  dentary 25 

Depth        **        at  symphysis 08 

The  various  portions  of  cranial  bones  preserved  are  much  like  those  of 
P.  molossiis,  but  stouter.  The  hyomandibular  is  nearly  perfect :  it  is 
thin,  but  has  a  convex  rib  extending  to  its  acuminate  extremity  at  the 
l^osterior-inferior  angle  of  the  metapterygoid  and  the  superior  extremity 
of  the  sjTuplectic.  The  preopercuhim  is  attached  by  a  thickened  grooved 
margin,  and  is  not  overlapiHjd  by  the  hyomandibular.  It  extends  in  a 
curved  fonii  roimd  towaixls  the  angle  of  tlie  inferior  quadrate.  Three 
<»l<)ngate  bones,  closely  appressed,  I  suspect  to  be  part  of  this  bone,  with 
interoperculum  and  superior  ceratohyal.  The  last  is  rather  narrow, 
and  with  smooth  distal  articular  surfaces,  without  suture.  The  superior 
branch ihyals  are  a  little  like  phalanges  of  Mosasaurus  in  form,  being 
sub-similar  and  expanded  at  the  ends,  and  <iuite  alternated.  The  para- 
sphenoid  is  similar  to  that  of  P.  moIoi<sns.  The  position  of  the  hyo- 
mandibular is  vertical  to  the  axis  of  tlie  l.>asioccipital ;  the  superior  part 
directed  forwards. 
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DtMiirtitr  rnavyftrr  c»?&iT->. *\^4 

DosafCer  mtiTTTft  Ab»jvi^.  Stiisii  CHadr-je rV^ 

Len^:^  :u^>  Jaw  eia-rfiociy vW^ 

DEftoarcer  ;<ars:cpbeQpo«d  j>a  rzid£e  o<r  pr^oo. iV? 

DcuD^Mr  d>.^nal  mtrtebca  crT2:«bied V^T 

The  dcunerer  of  ihe  T^rtebca  mi&sc  t^*  %  IinJe  c\>rr>?vt»f\i  Nv  tvxUivtivKt. 

The  1ai|?e:sc  6$lt  T^rtebnt  i^bciiiied  xdat  W  hen^  xnentKHke^i.     Tht^y  jir>^ 
^pecoliar  in  having  rnxmervxis  e«.>QC«xiTrk'  grvv^v«^  \hi  thi^  articuljir  t^v:^  ;i^ 
"in  /*fAjrM*j.i.    Ther  are  o«ber«ise  as  in  this  p^no^     Leo^h.  M.  iM ; 
diameter.  .<K2. 

A  pecoIiariiT  of  di  jvf  ^fA>'w  is  ohsemble  in  the  nro  si^ecinn^ns  rirst  »lo- 
^scribed,  and  in  less  degree  in  P.  •M.*^'-v*t«*.*,  A  oonskienible  numWr  v'^f 
adreobe  support  ni>  fnnctional  teeth  th^mgfa  inolndeti  in  the  en\inH^m> 
"tion  >  but  are  occupied  at  some  point  by  succes^onal  teeth.  In  sj<^n\e 
^«»ses  the  month  of  the  ahrcolns  appears  to  be  narrowetl  by  ivitcidticutivnu 
«ven  where  the  tip  of  the  young  tooth  is  in  sight ;  in  one  oaso  so  far  \lt^ 
"Teloped  as  to  close  up  to  the  projecting  apex.  In  other  oases  the  oritiw 
"is  entirely  stopped  by  the  ossification,  which  presents  the  apiH\irinuv  \>f 
"sa  scar,  with  radiating  lines  of  pores. 

The  type  specimen  was  discovered  in  a  denudeil  area  :gnoiig  the  lower 
~ "bluffs  of  Butte  Creek.  The  flat  cranial  and  jaw-b^>ne  occupietl  the  sum- 
init  of  a  cone  of  twenty  or  more  feet  in  height,  a  relic  of  the  ancient  bUio 
limestone  spared  from  the  surrounding  denudation.  The  flat  In^nes  had 
^ed  off"  the  water,  which,  running  off"  on  all  sides,  had  fomunl  the  vHMie. 
"^The  second  specimen  came  firom  the  Fossil  Spring  Canon,  ne;ir  the 
remains  of  Liodon  curtiro*trU. 

PoRTiTErs  ANOULAxrs.    Coi>e, 

The  crown  of  the  tooth  which  indicates  this  sjHvies  is  slender,  oimu- 
pressed,  and  curved  backwards,  and  a  little  inwanls.  The  ciivunifotviuv 
is  divided  by  two  edges,  the  anterior  acute,  the  in^sterior  obtus^^ ;  tlio 
convex  faces  separated  by  these  are  not  eiiual,  that  towaixls  which  the 
tsrown  is  curved  laterally,  /.  <\,  the  inner,  being  somewhat  nunv  extensive, 
and  considerably  more  convex. 

A,  P.  8. — VOL.  XII. — ^2q. 
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Enamel  smooth,  without  sculpture ;  anterior  cutting  edge  without 
crenations,  more  curved  backwards  than  the  posterior,  which  haa  bat 
little  curvature.     Inward  curvature  slight. 

Lines. 

Diameter  (anteroposterior)  at  middle  crown 5 

''        transverse  at  middle  crown 4 

**  **  neartip 8 

*'        anteroposterior,  near  tip 2 

Discovered  by  Prof.  C.  Kerr,  State  Geologist  of  Nortti  Carolina,  in  the 
Miocene  marl,  Duplin  Co.,  North  Carolina,  with  Polygonodon  rectus,. 
and  Ischyrhiza  antiqua,  Leidy. 

ICHTHYODECTES.    Cope. 

{Proceed,  Anur.  Philot.  Soc,  1870,  yoc.     Hayden's  Oeol,  Survey^  ITy- 

oming,  etc.,  1871,  p.  421.) 

Teeth  equal  subcylindric,  in  a  single  row,  sunk  in  deep  alveoli.  Pro- 
maxillaries  short.  Xo  foramina  at  tlie  bases  of  the  teeth  on  the  inner 
alveolar  walls.    Vertebrae  deeply  grooved  laterally. 

The  species  of  this  genus  arc,  so  far  as  known,  smaller  than  those  of 
the  last ;  and  as  their  remains  are  more  i)erishable  than  those,  they  form 
a  less  striking  object  among  the  fossils  of  Kansas.  They  are  neverthe- 
less, very  abundant,  especially  in  species,  five  of  which  are  now  described. 
In  originally  describing  this  genus,  the  vertebito  were  regarded  as  not 
grooved,  in  consequence  of  such  vertebne  having  been  discovered  along 
with  the  bones  and  teeth  of  /.  ctenodon.  Further  examination  has  satisfied 
me  that  this  union  is  eiToueous,  and  that  tlie  bones,  if  found  together^ 
were  accidentally  so. 

i^pines  similar  to  tliose  of  the  PoriJiei,  but  presenting  certain  differ* 
enc^s,  may  be  referred  to  this  genus.  The  compound  segmented  spines 
cannot  be  ascribed  to  it,  but  the  compound  fulcrum-like  spines  are  similar, 
though  composed  of  fewer  and  stouter  rods.  Each  of  these,  as  it  termi- 
nates at  the  cutting  edge,  give  rise  to  a  projection,  giving  it  an  obtusely 
and  remotely  serrate  cliaracter.  It  is  rugose  with  enamel  deposit,  and 
constitutes  as  effective  a  weapon  of  defense  as  that  of  Portheu$,  One, 
which  is  nearly  perfect,  c^^jutains  fifteen  jjairs  of  rods,  which  expand  at 
the  base,  as  do  the  mys  of  a  i)ectoral  fin.  Total  length,  M.  .285 ;  widths 
at  base,  .04 ;  thickness  beyond  base,  .00(5. 

Tlie  fem(.)ral  bones  liave  already  been  dcscrilKjd.  The  maxillary  is  not 
contracted  at  the  end  for  a  sui>emumary  bone,  as  in  Portheu4, 

The  form  of  the  inferior  quadrate  is  like  that  of  Portlient ;  in  J.  anaid€$y 
the  gi'oove  for  the  i>reoiKn*culum  extends  low  down,  and  the  symplectic 
has  a  wider  exposuix;  on  the  outer  face  than  in  Porih^n», 

In  a  series  of  vertebne  similar  to  th(»se  of  this  genus,  those  included  in. 
the  basis  of  the  caudal  fin  are  nr)t  more  than  three  in  number. 


1SN.J  ^'^•-  (Cop«. 

The  Bp«ciOH  are  distintpiUlieil  us  I'olluws : 

PremaxUlury  tenth  dvc  ;  second  most  pi-orainent ;  max- 
iUitry  not  couuave ;  dent&ry  nitli  30  t««th  and  bi-ounvex 
alveolar  border,  with  obtiiM-  extivmity /.  iiaaidei. 

Premoxillariei  (?) ;  ranxUInry  straight,  large,  with  40 
teeth  1  deiitary  etrajglit,  not  produced  at  end ;  teetli  SO /.  cienodoa. 

Premaxillaiiris  five ;  llrst  most  prominent  i  niiudllAry, 
uarrow  cononve ;  teeth  nnall ;  dontury  with  a.  hook  at 
apex;  teeth  35 l.  hamatui. 

Premaxillaries seven;  flntt nio»t  prominent,  compreiwed  ; 
smaller /.  pr/ignathui. 

Premaiillaries  twelve  ;  second  moHt  prominent,  the  bone 
Tnucb  narrowed  above ;  smaller /.  miilliilentiitu*. 

The  English  species  of  this  genus  is  figured  by  Dixon  in  the  Goology  of 
Saesex,  pL  xxxii.*,  tigs.  8  and  ft*.  I  can  llnd  no  letter-press  or  name  re- 
lating to  it,  and  caunot  determine  its  epeciftc  charaetera  from  the  frag- 
xnentary  charaeter  of  the  piece  of  mandible  Dgure. 

ICHTHTODECTES   AKAIDES.      CopC.    Bp.    noV. 

Indicated  by  two  individnals,  one  witii  both  dentai'y  bones  and  teeth, 
•writh  vertebrfc,  the  other  with  many  portions  of  craniimi,  fin  rays,  verte- 
'brai,  and  other  elements  more  or  less  separated.  The  latter  M'ere  all  taken 
from  tlie  up|>or  face  of  a  spur  of  a  limestone  bluff,  elevated  about  five 
:f  eet  from  the  ground  level,  where  they  were  denuded  and  exposed  ae  on  a 
"toible,  prcpai'ed  for  the  use  of  the  geologist. 

It  is  the  largest  species  of  the  genus,  and  the  anterior  prcmaxilhuy 
"Ceeth  are  larger  than  tlie  posterior.  The  preiiutnllariei  are  oblique  ovoids, 
'wor;  oouvex  on  the  external  face,  thinning  laterally  and  above.  The 
superior  margin  pi-escnta  a  thickening,  beiu-ing  an  articular  surfaue,  white 
'Kiebiud  it  is  an  open  gutter-like  inflexion.  The  large  teeth  are  quite 
cylindrical.  Both  tliuie  bones  are  preserved.  But  iiart  of  the  right  Jiutt- 
■Mlarg  remains.  It  ia  thickened  above  in  front  of  the  condyle  and  is  regu- 
Xwly  convex  at  tliat  point.  The  teeth  are  small,  tliere  being  10,3  in  an 
inch.     The  margin  is  not  concave. 

The  manilibular  rami  are  preserved  almost  entire.  They  are  short  and 
^eep,  iLnd  have  a  short  angular  process,  which  is  relatively  Hlioitcr  than  in 
JPortArua.  Tlie  margin  rises  steeply  to  the  dcutary,  which  presents  a 
atarroweil  rectangle  behind.  The  alveolar  margin  lias  two  convexities 
"^th  a  depression  between  ;  the  symphyseal  angle  is  not  prominent.  Tlie 
lower  iKiHtcrior  angle  of  the  dcntary  is  quite  prominent  for  muscular  in- 
sertion. Tlie  crowns  of  the  teetli  are  cyliiidric,  slightly  curved  inwards. 
The  dentary  bones  of  tbo  second  sjiecimeu  coincide  with  Uiese  in  all 
lespects. 

Thirty-tlireo  ttrUbrir  are  preserved,  all  deeply  two-grnoved  on  the  sides. 
Thu  ribs  arr  artiouhited  by  a  sigmoid  surface  to  a  broad  short  elament  of 
R  sigmoid  form  which  is  inserted  in  the  latei'al  groove  of  the  inferior  &oe, 
or  HtioulnttHl  by  goniphosis. 


Cope.]  ^'*^  [Jtn.  &-. 

T1k»  spines  alreaily  noticed  are  quite  flat,  without  serrate  edge,  but  wi 
some  rugosities  near  the  edge  on  one  side  only.    Tliere  are  no  grooves 
the  upix»r  side,  but  the  dense  l>one  is  delicately  striate ;  distally  groov* 


M. 

Length  promaxillary 0.033 

l)ei)th  "        0.045 

Depth  maxillary  at  condyle 037 

Thickness  "         just  behind  condyle 013 

Length  mandibular  i*amus 172 

**         angular  pr(K*ess 014 

Depth  at  coronoid  i)rocess 058 

*'       **  symphysis - 041 

Length  of  eight  vertebra) 312 

Width  of  articular  fiu*e 030 

"  a  rib 004 

"      flat  spine  at  middle 025 

Length         **      (fragment) 155 

*'        condyle  inferior  quadrate 02 

The  scales  associated  with  this  species  were  tliin  and  cycloid,  ancl  <^^^' 
ficult  to  presei*ve. 

From  near  the  Smoky  Hill  River,  Kansas. 

ICHTHYODKCTES  CTENODOX.   CopC. 

(Proc.  Amer.  Philos.  Soc.,  1870,  Nov.    Hayden's  Geol.  Surv.,  Wyoi»*  *    ' 

etc.,  1871,  p.  431  part.) 

Found  by  Professor  Mudgc  on  the  North  Fork  of  the  Smoky  Hill  R  i  "^ 
common  in  many  other  localities. 

IcnTIIYODECTES   HAMATCS.      CoiH).  Sp.  nOV. 

Represented  by  a  considerable  numl>er  of  remains  of  an  Individ  ""^mi 
from  tlic  blue  cretaceous  shale  near  Russell  Spring,  on  the  Smoky  f^ 
River.  ^ 

The  characti-^rs  which  distinguish  this  species  from  /.  anaides,    ^^^ 
numerous,  but  they  are  less  marked  when  comx)ared  with  those  of  /.  ct^'     ^^^ 
odon,  partly  because  the  premaxillaiy  bones  of  the  latter  have  not  lv*=^        ^\ 
preserved.     In  the  fli*st  place,  the  dentary  lK)nes  of  the  two  are  of  et^    ^ 


length  and  support  the  same  numl>er  of  teeth;  it  is  concave  at  the  pr^-^^^Z^f 
imal  part  of  the  tooth  line,  but  is  straight  in  the  corresponding  part?  ^ 

/.  ctenodon.     The  end  of  the  dentary  is  furnished  with  a  strong  obtiJ-^"^ 
process  or  hook,  directed  upwards  and  forwanis,  not  seen  in  /.  ctenod<7  ^^^  \ 
The  maxillary  behind  the  premaxillary  is,  in  this  species,  tliickenecL  in.t>^^- 
with  two  articular  surfaces,  the  proximal  looking  outwards,  the  dist^ 
inwards  and  separated  by  an  oblique  ridge  from  the  condyle.    In  /.  eUnodo  ^^ 


87-1. 1  ^'^^  [Cope. 

there  is  but  one  smooth  surface  gradually  naiTOwing  with  the  thinning  of 
the  bone  from  the  condyle. 

The  premaxillary  is  less  extended  antero-superiorly  than  in  the  species 
already  described,  but  supports,  as  in  it,  an  articular  face.  There  is  no 
groove  behind  it,  as  in  /.  anaides  and  Portheus.  It  displays  a  surface  for 
osseous  articulation  to  near  its  extremity  on  the  inner  side,  while  below 
it,  and  on  the  external  face,  near  the  basis  of  the  first  and  second  teeth, 
the  surfiEU>e  is  rugose  ;  maxillary  teeth  43.  The  dentary  supports  25.  The 
anterior  hook  is  obtuse,  and  rises  abruptly  to  above  the  apices  of  the 
crowns  of  the  teeth.  It  is  knobbed  above,  and  suppoi-ts  a  tooth  not 
larger  than  the  others. 
All  the  cranial  bones  preserved  are  not  sculptured. 
Portions  of  the  tliin/«^  spines  display  the  delicately-grooved  striation 
already  observed,  while  the  trenchant  edge  is  bordered  on  one  side  by 
raised  longitudinal  strisB.     The  other  side  is  minutely  pitied. 

The  vertebi-ae  are  anterior,  and  without  lateral  grooves.  Three  of 
them  are  M.  .06  in  length ;  an  undistorted  one  is  a  little  wider  than  deep, 
and  the  cup  is  .026  across. 

Measurements. 

M. 

Length  ramus  mandibuli 0.174 

Depth  at  symphysis 055 

"         premaxillai-y  (oblique) 043 

Length  "  "        026 

Depth  maxillary  at  condyle 027 

"  "         behind  **     033 

"  "  near  middle 027 

Width  flat  spine 031 

This  species,  and  the  two  preceding,  were  not  vei-y  unlike  in  size  ;  the 
'0  following  are  smaller. 

ICHTHYODECTES  PROGNATHXJS.      Cope. 

'roceed.  Amer.  Philos.  Society,  November,  1870.  (Saurocephalus.)  Hay- 
den's  Geol.  Survey,  Wyoming,  etc.,  1871,  p.  417.) 

Hn  this  species  the  premaxillary  is  more  rhomboid  in  outline  than  in 
others,  and  is  less  convex  externally.  Of  its  more  numerous  teeth, 
first  is  not  larger  than  the  last,  differing  thus  from  all  others  of  the 

:2ni8,  and  it  is  in  line  with  the  nearly  straight  anterior  margin  of  the 

ne.  It  is  more  compressed  than  in  the  other  species,  whence  I  origi- 
y  placed  it  in  Saurocephalus,  To  this  genus  it  does  not  belong,  as  the 
noe  of  marginal  alveolar  foramina  shows.     The  surface  of  the  bone 

peculiar ;  in  a  minute  sculpture  of  impressed  lines,  or  lines  of  punctae. 
re  is  a  very  small  articular  surface  on  the  superior  extremity. 

Piom  the  North  Fork  of  the  Smoky  River. 


Cope.]  ^^^  [Jan.  5, 

ICIITHYODECTES  MULTIDENTATUfl.      Cope.      Sp.  nOV. 

Here  we  have  again  the  convex  premaxilla/ry  of  the  larger  species,  with 
more  numerous  (12)  teeth  than  in  any  other  of  the  genus.  These  in- 
crease in  size  to  the  first  three,  the  last  being  small.  The  second  and 
third  are  about  equally  prominent,  and  more  so  than  the  first.  The  bone 
is  much  contracted  above,  there  being  an  excavation  on  the  anterior 
border  and  contraction  from  behind.  The  superior  edge  is  thin,  and 
without  trace  of  articular  surface.  Alveolar  edge  somewhat  rugose.  The 
maxillary  is  both  narrow  and  thin,  but  is  only  partially  preserved.  It 
bears  five  teeth  on  M.  .01.  One  of  these,  with  complete  crown,  dispbiyB 
a  longitudinal  angle  on  the  antero-interior  face. 
No  other  remains  were  preserved. 

M. 

Length  of  premaxillary 0.089 

Depth  "  (oblique) 083 

Length  of  tooth  line 025 

From  near  Fossil  Spring,  W.  Kansas. 

SAUROCEPHALUS.     Harlan. 

Leidy  has  pointed  out  the  mode  of  implantation  of  the  teeth  in  the 
typical  species  of  this  genus.  The  mode  of  succession  of  the  teeth  has 
not  yet  been  indicated,  but  is  well  displayed  in  a  specimen  of  the  jaw  of 
8,  arapahociuSy  Cope.  It  is  known,  from  Harlan's  description,  that  a 
large  foramen  issues  on  the  inner  wall  of  the  jaw,  opposite  each  root. 
The  fractured  ends  of  the  specimen  exhibit  the  course  of  the  canal  which 
issues  at  this  foramen.  It  turns  abruptly  downwards  between  the  inner 
wall  of  the  jaw  and  the  fang  of  the  functional  tooth,  and  not  for  from 
the  foramen.  Its  course  is  interrupted  by  the  crown  of  the  successional 
tooth.     This  is  situated  obliquely  as  regards  the  long  axis  of  the  jaw. 

It  is  thus  plain  that,  the  successional  appearance  of  teeth  is  different 
in  this  genus  from  what  I  have  described  in  the  two  genera  preceding. 
In  tlieni  the  foramen  is  wanting,  and  the  young  crown  rises  within. 
the   pulp  cavity  of  the  functional  teeth,   as    in     the    Crocodilia,     In^ 
this  genus,   on  the  other  hand,   it  is  developed  outside  of  the   pul 
cavity  and  fang  of  the  old  tooth,   and    takes  its  place  as  in  man; 
Lace r (ilia  and  in  th6  Python oinorpha,  by  exciting  the  absorption  of  th 
latter.     The  obconic  form  of  these  fangs  in  Saurocephalus  is  appropriai 
to  such  a  succession,  and  their  great  length  seems  to  preclude  the  nutri 
tion  of  the  young  tooth  from  their  bases.     The  use  of  the  foramina  o 
the  inner  face  of  tlie  jaw  is  thus  made  apparent,  viz.,  the  nutrition  of  th*- 
successional  teeth  from  without.     I  cannot  trace  the  canal  below  th' 
crown  of  the  young  tooth  to  the  base  of  the  pulp  cavity  of  the  old  tooth 
and  there  are  canals  in  tlie  jaw,  bt»low  the  latter,  one  of  which  probabl 
carried  the  dental  artery. 

SiHicit's  of  this  genus  are  less  abundant  in  the  part  of  Kansas  examine 
by  nie  than  those  of  tlie  preceding  genera.     Two  only  liave  been  observ 
up  to  the  present  time,  as  follows  : 


l^T&J  ^^  [CJope. 

Saubocephalus  phlebotomus.    Cope. 

(Proceed.  Am.  Philos.  Society,  Nov.,  1870.   Hayden's  Geology,  Wyoming, 

etc.,  1871,  p.  416.) 

Solomon  River  Region.    Prof.  Mudge. 

Saubocephalus  abapahovius.    Cope. 

Established  on  a  portion  of  a  maxillary  bone,  with  a  part  of  a  suture, 
perlmps  for  attachment  to  a  supernumerary  maxillary.  The  size  of  the 
speeies  is  nearly  that  of  S.  lanciformis,  and  the  crowns  of  the  teeth  are 
ratber  short,  as  in  that  species,  and  less  elongate  than  in  S,  phlebotomus, 
Xlie  teeth  are  very  closely  set,  and  the  alveoli  are  separated  by  very  nar- 
ro'w  septa.  The  crowns  are  expanded,  so  that  the  edges  overlap  in  some 
c&aes.  The  form  of  these  is  much  compressed,  width  about  equal  to 
Itei^lit,  the  edges  convex  and  acute.  The  enamel  is  smooth  and  without 
^2U5et».  The  roots  are  without  the  facets,  shown  by  Leidy  to  exist  in 
^.  l€t  n€ifarftn$,  and  appear  to  be  longer  than  in  that  species,  exceeding 
tlie  length  of  the  crown  nearly  four  times.  None  are,  however,  perfectly 
^^posed  for  complete  measurement.  As  usual,  there  is  a  large  foramen 
^PI>08ite  each  fang,  below  the  inner  alveolar  margin,  and  between  the 
^tter  and  the  series  of  foramina  the  surface  is  slightly  convex  and  mi- 
nutely rugose. 

M. 

Depth  of  bone 035 

Thickness  at  rugose  band 0055 

Total  length  of  a  tooth  (?) 02 

Length  of  a  crown 0043 

"Width  "  0036 

dumber,  etc.,  in  an  inch 8. 

Tlie  size  of  this  fish  was  probably  about  equal  to  that  of  Ichthyodectei 
^^^<*tde9  above  described.  Found  loose  on  a  clifi"  of  blue  shaly  limestone, 
"^•^«n  miles  south  of  Fort  Wallace,  Kansas. 

PACHYRHIZODOXTID^. 

^^'liis  family  of  Physostomous  fishes  diffei-s  from  the  last  in  the  nature 
^^  i'fcs  dentition.  Instead  of  elongate  conic  fangs  simk  in  deep  alveoli,  it 
^^  shorter  and  stouter  fangs  occupying  alveoli,  of  which  the  inner  side 
J^^  part  of  the  anterior  postei-ior  walls  ai*e  incomplete.  The  teeth  are, 
in  *%^^  more  or  less  pleurodont,  but  the  extremity  of  the  root  is  i-eceived 


^^^^  the  conic  fundus  of  the  alveolus. 

-■^lie  premaxillary  bones  ai*e  well  developed,  but  the  maxillaries  are 

'^^•^  so,  and  enter  largely  into  the  composition  of  the  boixler  of  the 

^^-^Vith,     There  is  a  well-developed  angle  of  the  mandible,  but  no  ooro- 

^^^^  bone  is  preserved  in  the  specimens.     The  coronoid  region  is,  how- 

*^^ir,  broken  in  all  our  si)ecimens.     The  other  charactei-s  of  the  family 

*^^  not  determinable  from  our  imperfect  materials. 


i 


3-44 

Cope.]  *^**  [Jan.  fiv 

PACHYRIIIZODUS.    Agassiz. 
Dixon's  Geology  of  Sussex,  1850,  p.  374. 

This  geuus  was  established  by  Prof.  Agassiz,  on  a  jaw  fragment  froni 
Sussex,  England,  witli  a  very  brief  description.  The  Kansas  remaiiia 
resemble  this  fragment  in  their  coiTesiH)nding  parts,  and  I  refer  them  ta 
the  same  genus  for  the  present. 

The  genus  as  seen  in  our  fossils,  is  defined  as  follows  : 

Muzzle  Hat ;  premaxillary  bones  rather  long,  with  two  large  teeth  to- 
gether, near  the  anterior  end,  behind  the  usual  external  series.  Maxil- 
lary and  mandibles  with  a  single  series  of  simply  cylindric  curved  teeth* 
Mandibular  rami  closely  articulated  by  ligament. 

The  teeth  in  this  genus  bear  a  sui)ei-ficial  i*esemblance  to  those  of  a 
mosasauroid  genus.     Their  mode  of  succession  appears  to  be  as  followB  : 

The  crown  of  the  young  tooth  was  developed  in  a  capsule  at  the  base 
of  the  crown,  or  on  the  inner  side  of  the  apex  of  the  thick  ixxit.  The  ab- 
sorption which  followed  excavated  both  the  fonner  and  the  latter,  but 
the  crown  was  evidently  fii-st  shed.  Fimilly,  the  old  root  disappeared, 
and  when  the  new  one  occupied  the  alveolus,  it  left  a  free  separation  all 
round.  Finally,  on  the  accomplishment  of  the  full  giowth  of  the  root, 
it  became  anchylosed  to  the  sides  of  the  alveolus.  The  pleurodont  posi- 
tion of  the  tooth  facilitated  the  shedding  of  the  root  very  materially. 

The  genus  CouosaaruSj  Gibbes,  from  South  Carolina,  is,  x>erliaps  allied 
to  this  one.  Its  dentition  is  fully  described  by  Leidy,  who  changes  the 
name  to  Conosaurops,  mainly  on  account  of  the  inappropriateness  of  the 
Greek  l\wff(t^  to  a  fish.  This  word  was,  however,  employed  by  the  an- 
cients to  designate  a  fish,  and  the  only  use  made  of  the  woixi  out  of  com- 
position, by  modern  zoologists,  is  for  si>ecies  of  that  chiss,  so  that  it  does 
not  seem  improixjr  to  use  it  here.* 

Three,  perhaps  four,  s^Hicies  left  their  i*emains  in  the  strata  examined 
by  the  exi)edition. 

PACIIYRmZODUS  CAXINU8.      CopC.      sp.  UOV. 

Established  on  jmrtions  of,  i>crliai)s,  two  individuals,  which  embrace 
one  nearly  complete  maxillary  bone,  two  i)remaxillarie8  of  opposite 
sides,  two  nearly  perfect  iiuni  of  the  mandible,  with  numerous  other  por- 
tions in  a  fragmentiiry  condition. 

These  indicate  a  cninium  of  about  a  foot  in  length,  by  six  and  a  half 
in  width,  oval  in  outline,  with  moderately  obtuse  muzzle.  The  man- 
dibular teeth  are  directed  somewhat  outwards  ;  the  pivmaxillary  is  hori- 
zontal in  front,  and  the  maxillary  narrow.  From  these  facts  I  derive 
that  the  hea<l  was  probably  depressed,  as  in  the  modern  tSnurij  and  very 
dirterent  from  the  prevalent  compressed  form  of  the  Porthci  and  allies. 

'  Tin'  CUM*  appi'jirs  to  iiu*  lo  1"'  «l;l!'nui  with  tin'  iisiun'  iMcftj/ronnurov,  wliieh  I  proposed  to 
r«*pla«*>.'  with  I/tchj/mffitrit'ni  il-"  Uy).  Th«»  luttrr  was  trivc'ii  to  :i  Kt^'uu^  of  Hanriuu*.  nnd«>rtho 
MippoNitiiiii  that  it  boloutrvd  t<>  tli>-  uinmimdin,  uud  tlu'  teriniuation,  thtrium,  d^vuted  to  this 
group  (if  uuiuiaN  by  UK'iuiiiii;  uud  cu>touj.  cauuut  be  applifd  to  a  ^auriaul  by  auy  tftretch  of 
luetouymy  or  cliarity. 


Ttie  pmnarillary  is  several  times  longer  tlian  wide ;  poHUriorly  it 
U  »  sativurtiuitl  plnte  ;  ftut«riorIy  it  tevmiiiatts  iii  a  naniiw  ol>tuae  p<ir- 
rion.  Jiist  Ijeliind  llii«  portiou  it  in.  enlarged  on  tlie  inner  side,  famiiDg  a 
]cnot>,  whose  upper  nurfiioe  supports  tlie  ai-ticulntiuii  witli  thn  ethmoid. 
It  bears  the  two  Xsxffi  teetli  below,  on  &  common  elevation  nf  the  jaw. 
Tito  outer  margin  or  t lie  boneHiipiinrt6l«nsuli.«quHl  teeth,  n-hidiareoiu^ 
tliirxl  »tiui1]i.T  than  the  posturior  imir.  The  outer  alveolar  lidgo  is  n  little 
more  etevaWd  tbmi  tlic  inner,  though  a  little  less  so  than  on  other  boues 
wbicb  support  teutli.  The  exterual  face  of  tlie  Lone  is  nearly  smooth, 
iuul  ths  inner  luijtvs  M'lth  the  majullary  by  atriate  siiuamoMil  suture. 

Tbe  iMiJ'iU'frii  piiiwned  is  nearly  perfer.t,  and  mny  belong  to  another 
anintnl ;  its  ilcplli  LoiociiluB  with  that  of  the  pn'maxillary.  U  is  quite 
elotif^ate,  iilHtut  iiiii^'  limes  lu  long  as  deep,  |>crhapii  a  little  more.  Tt  sup- 
ports farty-t>vii  elu.sely  packed  teeth,  not  all  in  functional  sorviee  at  onee. 
Tl»o  distill  cud  is  controeted  and  grooved  and  ridged  on  the  inner  fhoc,  as 
llianigh  for  union  willi  a  supemuuierary  bone.  Tlie  iixU-mal  face  is  lou- 
gifnicliually  striate  mi  the  poxterior  half,  the  striic  running  out  tn  tlie  niar- 
K***B,  fotmiug  Hha^^J  rugonities  on  the  alveolar  hoi-der.  The  superior 
(ptttattuci  orticnliir  KurfiMu  is  moiv  than  one-fourth  the  total  lungth  fn>m 
tl*«  ivnt^rior  extremity  ;  it  is  narrow  and  s<iinewh»l  lens-filiap<id.  Itoth 
^Uiikd  uud  in  front  of  it,  strong  8triw  nin  from  the  outertolhe  iinicr 
^«iu  uf  ibc  KUjioriiir  margin,  ntli-kmRitudinally.  PeAterior  tn  tlw  su[M<rior 
^'^iut.ilar  «urfAo«  gu  the  outer  faee  is  a  swelling  like  a  inuiH.-nlar  intprea- 
■*"•»»  firnm  which  grooves  and  keel  extend  iKistcriorly.  The  lione  is  oon- 
"■*"■>   *>a  tlw  outer  face  in  front,  to  aec(imuio<lat*i  the  on  prtmnriHnrr. 

•^^^  m'liuiibitlar  r'mn' are  abruptly  iuenrved  at  the  Bjmpliysis,  whiehis 
"•**  »«Tale,  is  sub-round,  with  an  eraai'giniition  euterini;  from  the  inner 
"•■'fttlwr  fitle.  The  dentarylwne  is  much  narrowed  behind.  IImi  nngntar 
>  extends  anteriorly  on  the  inner  faee  to  tlie  end  nf  th«  poKt«rior>  two- 


"*^lks  of  the  dent^  line.  The  ■'anuia  is  not  very  deep  at  tlie  corrmoid 
"^litl**!!.  The  art  ieuUir  flirty  ins  id  eoinposcd  more  largely  of  the  angular 
^''**»  Uie  artienlar.  Its  lony  iliameler  extends  iuwai-ds  and  backwards, 
*"*••  is  strongly  eunvL-x  :  in  the  transvei'se  direction,  slightly  concave, 
r**"**  and  in  IVont  of  it  the  lower  mai-gin  of  the  jaw  is  acute.  The  angle 
!*  •*»nl  and  rather  small,  it  is  prominent  on  tlie  middle  line  on  the  inner 
^**.  the  Mlges  are  tliin,  the  upper  curved  ont^aiils,  eoneenling  part  of 
^™*  ttotyloK.  Then'  ni«  twenty-nine  teelh  on  the  dentary,  whose  simb 
*^**t*iWi  townrd.-*  its  extremiticK.  Their  roots  are  very  large  and  longitn- 
7"*»lly  striata  BncI  jmiiuus.  Opposite  tlio  inlen-al  lietween  the  lirst  two 
^'''*4i,  there  is  a  tiMith  exterior  to  the  general  vow.  and  another  on  its  iii- 
"**"  Hide.     They  are  not  enlarged. 

^  -^o  Ueth  are  preserved  except  on  tlie  maxillary.     These  are  not  very 
^»B="e  oones,  with  round  section,  and  well  curved  inwards.     Dense  ex- 
*^»nl  layer  entirely  smooth. 

'''his  specien  diffbrs  fimm  the  type  P.  hnMlU,  Dixon,  in  that  the  radical 
^•^on  of  the  tooth  i«  less  swollen,  and  mofe  conic,  and  does  not  pn^ect 
tlie  exterior  alvf.'lar  wall  as  in  that  llsh. 
p.  a. — VOL.  III.— ait 
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Total  length  mamliUular  ramus. .  - 0.3117 

"  of  tooth  line 170 

TranHVersB  dianiet«i'  of  symphysis 018 

baseofbwth DM 

Length  preinaxillaiy. 08S 

"  "  to  large  tooth 01 

Oreatest  dopth  "  .,-. .^.Olrt 

Diameter  large  tootU  at  baw. 007 

Lcugth  maxillary  U>  tirat  tcxrth Ill 

Depth  "       at     "         '•    0I» 

"       utiast       " .014 

"       ailicular  sui'fltce .0945 

Found  by  the  wrilor  neai'  Pomil  Spring,  near  Fort  WsHace.  in  WeiitoTii 
Eansus. 

PACHniaizoDUM  hjmuii.  Cope.  up.  nuv. 
EatnliliHlied  on  the  pniximol  pottion'of  n  maxillary  bone  wtitli  the  artiou- 
lar  HurDice,  ftnil  bases  of  twelve  tt>eth.  It  is  a  species  of  nenvlj  the  same 
eiio  as  the  last,  but  the  bone  oontntcts  mure  rapidly  tlian  in  Ui»C  tuw,  aail 
presents  a  Hti-ongcr  luterior  lou^-itudiiinl  rld^.  The  superior  articular 
face  is  smaller  and  uurrowur,  beiii^  sulj-uit»B«eatk,  wlule  tlie  ituwi-tiuii-like 
tiibM-osity  is  nearer  to  it,  and  on  the  inner  edge  of  the  outer  faae,  and  ooti- 
nect«d  with  the  aiiiculiir  face  by  a  ridge,  not  aeiianitfsl  by  a  groum  u  lu 
P.  finiaat.  The  out«r  ftice  is  depi'esAed  below  the  artkulnr  faei:  moeli 
more  than  in  that  epedes,  su  thnt  its  lower  puilioii  becomiis  niuro  oohtsiz. 
Tito  roots  of  the  tat^th  arc  nf  the  same  lengtli  ae\aP.  eaniim;  aiul  as  tbejr 
are  more  nviiuerouB.  they  are  more  oiosoly  packed  and  nioi«  cylltHlriG. 
Their  ploiirodunt  ohfvnK'ter  U  also  moi*  utrougly  markwl.  The  MiporuT 
surDice  of  the  bono  is  sti'iate  groovinl  longitudinally,  and  liiinaTcrMi  «r 
obli<|ueIy. 

Total  depth  i>f  boiie  at  artieiUar  taw 0.033 

I^epth  at  tenth  tooth ,  .01*5 

This  siiccies  was  ft)uud  near  the  pi'ecediug.    It  is  dedioattMl  to  Duetur 
William  Uoward  King,  Post  Sur^jieon  at  Fort  Wallace,  lo  wKinn,  awl 
leas  to  his  excellent  wife,  T  am  hidebtctl  fur  hospitality  Dud  uUiOT  BBVinV- 
auce  of  a  kind  eweallal  to  the  tiui»»8s  of  my  explorations  In  WmUtb 
Kansji». 

PAcnTBinaoDua  latimektum.    Cope.    sp.  nov. 

Reprewittwl  by  a  right  ramuH  inandibull  with  the  angle  and  ootyli 
deflcient,    Tlie  posterior  portion  of  the  doutnry  is  alm>  wuuling,  >a  tltat 
tlie  number  of  teeth  it  supported  is  nut  atverlAinablo.    Thn  goiwrsi  fc 
apiieniii  to  have  been  deeper  thua  in  the  P.  ciminii',  while  the  siso  uf 
teetli  is  jumilar.    The  external  fuee  of  the  bone  near  tlio  alniolar  tKinl 
is  oouvex,  and  not  particulvly  rugose.    The  uxt«nial  alveolar  wall 
well  uU>Tnt«d  above  the  inner.     Below  the  latter,  the  dcntary  bODft  ■ 


liibitH  a  BtrooB'  longitudinal  ridge.  Tlie  eztromity  of  the  dentary  take» 
&  wider  curvB  from  the  syniphy»iH  tbnu  in  P.  «fi»inu(,  givlug  a  broader 
chin  (whence  the  name)  and  luuzale.  The  iiyniphyaiHissmouth  tniiiBverse 
tiilobiite,  t^e  two  outer  lobes  being  twparated  by  jin  emargination  in  the 
po^tiou  of  the  rurEuiiuu  meutale.  This  form  is  very  diSerent  from  tliat 
in  P.  eajiinui  where  tliu  Kyinphytwal  surface  is  eub-rutind. 

The  autttrior  teeth  uru  iiniallQr  Ihnu  the  medijui,  and  have  the  inner 
alTeolor  w>ll  nearly  as  much  dcvutcd  sm  the  external.  The  crowns  are 
SOWoely  dietingoishable  from  those  of  tlie  J*,  eaniaut,  being  curved  conic, 
with  round  noction  and  snionth  cuuientum.  They  form  a  single  incurved 
niw  uuxt  the  syniiihysiH.  Number  of  toetli  in  an  iuob  at  middle  of  ramuH, 
4.IL 

From  »  canon  near  the  Smoky  RJTer  ne»r  to  the  IflhyodteU*  anaidet  m. 

PACurRHizoi>UB  snK.tiixKt.     Cope.    np.  nav. 

I       Aasncialeil  with  the  boncit  of  the  P.  ea  nintM  la  it  slender  bone  of  ovnt 

I  wctiou,  which  IK  marked  on  one  edge  by  twenty-two  transverse  aWeoli 

I  whose  outer  mitrgin  are  a  littlu  liigbci-  tlian  the  inner.     No  teeth  pre- 

uervetl.    It  may  belong  to  a  fish  of  tliis  genua,  and  is  probably  a  Kuperioi* 

nmjuUariy  bone.    CoHfttanlly  ivith  thin  position  its  outer  extremity  is 

aiore  comiii'ufuiod  than  the  pi'oxlmnl,  the  tliickeuing  being  especially  ^en 

iu  the  suiKiriur  mai^n.     A  shallow  ooiieavity  paBi^es  obliquely  acruss  tUis 

border  fnim  withiu  outwards  and  distnlly  ns  in  P.  eaainnf,  but  the  ni-ticu- 

Ur  tkoe  is  not  pivnervvd.    There  is  a  lun^tndiiial  angle  on  tli<{  external 

taee,  and  tlie  .superficial  layer  of  luinc  is  uvwhoi'e  grooved  or  rugose.    The 

pleuroclout  etiaiacter  of  the  tooth  attachment  is  more  marked  proumally. 

Lengtli  of  piece,  A[.  Ml ;  vortivul  diameter,  .007 ;  greatest  trauaverse  do., 

.0083. 

This  spcpios  is  dedicated  to  Doctor  Shearer,  Assistant  Post  Surgeon,  tt> 
vboeo  intei'est  in  the  subject,  the  Geology  of  Kansas  is  indebted  for  many 
uaeAil  disooverius. 

ElIPO.    Cope. 
In  tills  gcmiH  tile  charncler  of  the  teeth  is  quite  similnr  tn  tliat  of  the 
ptMeding  group,  but  tlie  arrangement  on  the  maxitlai'y  bone  is  diflerent. 
TIw  churw-ti-rs  are  : 

HxsillHi'y  t«eth  anteriorly  in  two  aeries,  an  estemal  marginal  of  sub- 
M)oal  t«etli.  luid  an  inner iiud  xiiiieriorof  probably  Kmall  extent,  but  wliiuh 
lenninntes  anteriorly  in  two  large  caniite  teeth. 
Only  one  Ejiecies  is  known  to  nie. 

EuPD  SKPAUOLiCA,  ('ope.  sp.  nov. 
EatabliRhed  on  a  portion  of  the  right  mitxillary  bone  of  a  single  iudivid- 
-ul.  It  displays  the  uutevioi'  siiuamosal  suture  for  the  premaxillniy,  and 
>iot  fiir  posterior  to  this  ou  the  superior  margin,  a  concavity  for  contuct 
tilb  piUatine,  pre-frontal  or  other  bone  as  the  case  may  be.  The  pos- 
M|iHr.  portion  is  loHt.     The  preiiiaxillni'y  Butitml  margin  extends  at  right 
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angles  to  tbe  alveoliir  cdgo  to  boyoiul  tlie  miilille  line  of  tlie  idde  »f  tfaa 
maxillary.  Above  tliis  point  a  jiiVKwms  ortlie  latter  extends  aliove  tlw 
preniHxillnrf  for  linlf  nii  incli ;  it  liiui  a  biiiftd  inferior  Eutiintl  fa«e ;  its 
iipjwr  ranrgin  is  tliin  and  obliiiue.  A  alidit  truncate  piMWMui  risoB  beliind 
tlie  Miporior  cotjliMii  surface.  The  twtli  ai*  cyliDtlrie  wmic,  slight^/  iti- 
curvuil ;  on  a  margin  of  .035  31.  thei'e  am  Bve  tt'etli  anil  Ave  vacruit  ti- 
veoli.  Tito  Metli  of  tlie  inner  row  Art'  iiuirli  Kinuller,  iinrl  nu  .017  il..  there 
ore  eight  bases.  Thi-  biiai'S  of  the  tno  large  teetb  occnpy  .014.  Depth 
of  mniaiaiyat  large  teet.li,  .0111;  st  fraiturvd  eiiel,  .011.  TUe  interior 
teetli  of  tt)C  tixluriinl  Buries  u.re  u»t  largi<r  tbnn  tliosu  of  tlie  iuiici-. 

The  precise  locality  of  tli«  Niobrnra  chnlk  wlivre  tliia  6pt^t.■ictl  was  rouml 
has  bcun  midaiil.  Tlicre  is  a  poseiliilitj-  of  its  Itclon^rittg  ta  the  PtuAi/rlH- 
tailii*  lattiiientnTO,  but  tlie  smnllor  relative  tiiiie  Hocnis  In  coiittacUot  the 
HupponiUuu.  Sboiilil  it  be  verified,  the  latter  spoclrs  mnrt  bo  rcferrod  lA 
the  gi^nus  Empo. 

STHATODONTICTi:. 

In  this  gvuup  I  have  arningcil  Kevernl  gvncia  wliicli  [■eMUil.lc  KittlmdMtt 
the  loiigvHt  known  ufitsfomLs.  Tliej'aivI'hymwtumouiiQidKMiaiiiiuUeated 
by  the  relaliiiUN  nf  bones  of  tlie  aii]>crioi'  nrcK  of  tlio  mouth  ;  lfa«  nhiiiMH 
of  Hjiiuons  iloraal  radii :  tbe  vyuluid  BuKles,  and  the  guneral  rfUtiotuMp  to 
fitv-c.  Agassis  and  utiiurs  huve  legnrdcil  eame  vt  thi^tn  a*  nllictl  Ui  S/iliii- 
rirun  ;  this  opinion  wiu>  jirobably  deilveil  fruiu  tlio  i:oiu>J()l' ration  of  tha 
forms  of  tliB  toetli  which  to  aiira«  degree  remnnble  tlulM^  nf  Stifigr,Tnid^ 
(uid  Trifhiurldai.  Tiiis  is,  boiircver,  like  many  other  minor  il.mi.ctifT*,  oiiu 
of  UioNe  whicli  appear  in  both  of  Uie  great  groups  of  OBseoiv  fmlii-s. 

The  pTcmnxillury  is  sninll,  and  aupporte  u  large  tu<ith  in  Khrhwtui ;  la 
Straltidai  it  is  aliw:'  ^ort  and  supports  uninecous  teetli.  In  Siniiuitut  tlw 
maxillary  suppoite  a  few  twlli,  in  Vinuiiiehth]/'  u  lurj^r  utimliRr.  IMk- 
tiotwfaip  t«  Bvix  U  displayed  by  Slritloduii,  n-hiL'h  lias  bi'ond  llat 
boniNi  olo»o1,v studded  witli  teeth  iuabrii!<h.  anduhtre  iJit  niaxiltary 
are  rfdue«d  in  siKe  mid  number.  The  leech  are  Ntt.iiehcd  by  tha  mneby- 
losisof  tliebaw  to  the  alveuUr  face  tifthe.iaiv.  reiteuibliiig  ihuKflxiBtliv 
Qt(Iie§,  and  differing  materially  fVom  tlic  flunilioa  at  Ptr^jfr'if'irrfirnffifa 
iind  Sattrodontida  already  <xinsi(lered. 

The  genom  known  to  me  uro  tli«  following : 

I'romaxillary  with  numerous  smaU  tneth,  niaxillu?  with 
a  tew  of  tlio  niune ;  paL^tinea  iwivered  with  bnubes  of 
similar  teetli,  all  with  pulp  cavity 

I'remmiUary  (?)  Maxilljiry  with  a  Kiiigle  seHeit  of  large 
U-Msth  wliii'li  have  one  cutting  e<]ge  at  biuio  and  two  at 
apex.  Deutary  with  Inner  •cries  of  large  tooth  whioli  do 
not  enlarge  diiitnlly,  and  some  series  of  exterior  Bmolter 
teeth riiNoUrAMffc 

Prvimaxillary  with  a  single  large  tooth;  deuliuy  with 
an  outer  row  of  small  and  an  inner  row  of  large  t«eth, 
vliich  arc  much  larger  at  the  distul  end Itnthettn*^ 
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STRATUDUfl.  Cope. 
Tbis  ([("iiiis  is  well  clinractcriaed  liy  ita  dentition,  wlik-li  is  ri/ninrkable 
forUic  Hniull  Bixe  and  large  iiumtH.'r  or  the  t««tli.  nnd  their  jicciilinr  form. 
I  pntness  one  pivmasillury,  ii  ninsidornble  part  of  thu  niaxillAry,  and 
nearly  tlii*  wholu  uf  both  pslaline",  Iwcides  uther  boiws  of  ono  «ptvies. 
TUcsi!  wi-rc  found  not  vuit,-  liit  ft-um  tlie  romninsi  (if  the  CSf4at(elhj/i 
wn*irtMfp;/i  in.  and  it  reiul'*''  *>nie  iuvestigation  to  ilt^tcnniuo  tUe  reln- 
tluiuliip  Iwtnuen  them.  I  huvc,  howt^vor,  portiima  of  the  innxillar?  and 
promaicillat'y  of  CiinoU(tMs/ii,  and  Iwitli  iS  llioso  eleratiits  aru  nn  very  nn- 
Uke  tJioiio  hi  Slmlod'tii,  timt  tlicre  ean  U.'  no  iloulit  of  its  fnilopen donee. 
I  liare.  unfiirtunawly,  nr>  d*ntj>ry  l«ine  r>f  Sliiilailia,  and  the  outer  row 
oT  palaUnt-H  retwuihlea  in  suiue  uieasiire  tkow  flgnrcil  in  CimelMMj/t 
JfHiHMi)*'',  I^idf,  b;  AgasBiK. 

TfiB  jifU'iatiiiary  iMlh  aru  in  two  HCries.     They  we  stimt  ut  the  base 

uid  uvxl  in  sontiob,  and  ore  nmti-iu.'t«d  and  dnttoned  mtiidly  ufiwai'ds. 

Ou  tUiii  buaiu  is  set  kd  »vh1  tiliarp  edii^e)!  IlAt,  or  ifjiadi'-Ahaiwd  i-iown,  the 

''^^kut, »xl»  of  comprcwiion  being  idiu-i'd  iit  right  anglcH  bi  tliMt  of  llie  com- 

^^^Hdou  erf  the  apex  uf  tlie  bane.    Tliix  (;WeH  a  barbed  ikppeantnce.    The 

^^^^Hl*rV  teell)  are  similar  in  form,  but  are  in  hut  few  rowH.     Tlio  piita- 

^^^^Btulh  are  Minatrueted  un  tUe  naiu^  pistu,  but  they  nru  loii^rer,  nnd  the 

^^TBEw  «f-  "iilmylliiilriu  anil  dlghl.l^  curved.    All  the  teelh  iHxuess  a  bLTge 

pulp<Miir>. 

Till'  , ',r., I. ij'i'Uiir^  bone  diKplApi  some  iif  the  density  of  oi>miiJuitiun«een 
in /.■|if/("i'"-.  Its  upiier  anterior  Mirlaoe  nieeU  the  inferior  of  lui  acute 
anglo.  It  in  A  bnMul  oval,  luid  in  slightly  concave.  TIio  iiitiei'  face  foruia 
S  lruiic;ltc  rim  round  the  tiaxen  of  the  iiuier  t««tli.  uiul  tvnniniitcs  in  a 
TtrticHl  envt  of  dense  tione.  The  external  fnee  is.  nu  the  other  hand, 
jerpetulicular,  and  exMnda  oblhiuely  npwardfl  and  tMekmirds,  An  acute 
antotior  nnglo  of  the  tnajrillarff  under-runs  it  Iwlow,  mi  (ht  us  to  exclude 
aill  but  one  or  two  uf  the  premaxillnvy  teeth  fmm  the  outer  raw.  Th« 
'WLtAmal  lamina  uf  the  pnyunvillary  fornis  an  esteosive  sijiuunotuil  suture 
■wUJi  tills  p:irt  of  the  maxillary  hy  nvrrloiiping  it  from  almvu. 

Tbb  arrangi-tiient  siiows  a  oertaiu  aimilarity  to  fi'io-r,  espetially  in  the 
3area  number  of  pnlntiuc  and  timitU  number  of  maxillary  tcntli.    It  dif- 

Ilerially  in  the  laek  uf  aitioulnr  stirfiu'eH  between  lite  miutitlary, 
I,  etc.,  in  the  upward  pivlinigutiun  of  the  premaxillaiy.  au<1  tlio 
:  forms  of  tbo  teeth. 
BxuATOnrs  ai'icai.ir.    Cope.  gp.  uov. 
ilisbed  on  one  iueoinplete  individual,  as  above  inuiitii)nud. 
[UUdUary  teeth  are  mo&cly  smaller  than  tlie  t>retuaxillaries,  and 
ii  in  size  posteriorly :  tboiv  are  four  or  livo  eerii»  of  them  an- 
,,    i>cven  to  nine  rows  ou  the  palatine  bones ;  they  are  slender  and 

curved  downward*  from  obliiiue  bases,  and  eylindriu  in  section ;  they 
I  .  4gBtnU)t  to  d  neck  and  tlion  exiuuid  into  tbe  ovate  spnde-^ihaped  cutting- 
h^m^m'S^tif  an  in  »v«ry  I'eapeot  tha  lurgest  of  the  teeth,  some  making 


a  Iiiitf  ini'b  in  ]i?ii^tli.  Those  on  the  luferior  ur  out<'i'  inai'^iin  are  >n<Rit 
Blender ;  tliOBe  of  tlie  inner  stouter  and  more  conic.  All  tlie  siutde-like 
apices  are  bla^^k  in  the  specitiieti,  wliile  the  slinnks  Hre  jmie,  eiMtpt  the 
preninxillarieB.  The  patntine  boiien  ajre  Hntt«ued  iil  uue  pliilie,  and  cou- 
tracted  at  both  ends.  At  thu  anterior,  tliere  is  iiu  vxtcmiil  concavity 
pei'haps  for  maxillary  or  preniasillaiy.  A  ridge  dividett  the  upjier  Mir- 
fiice  lengthwise ;  tlio  (>ut«r  edge  is  tbin  ptMstcriurly,  nud  there  ara  twn 
long  grooves  wUith  extend  to  the  piwterior  extremity,  pi-obsbly  for  sutunl 
union  witli  the  ptcryguiil.  The  pTninaxiilary  bttiira  ^  slight  reamoblonee 
to  tlie  miuidibulnr  bone  of  a  Chimatroid  turned  upside  down. 

M. 

Leugtli  portion  of  an  ok  piilatiaum 0.138 

I>o.  restored 148 

tireatcet  width 0!i 

■'        Ibii'kneaii  on  iimrgin DOS 

lA'iigCh  prcraaxiltary,  fi'agment. .043 

"  "  iiiuer  sidp 033 

"  "  outer  to  musillary 012 

Width  "  in  front  aJwve I)  I 

Length  premaxillary  toutb (HX'i 

Thisdsh  was  mnHid<>rably  larger  than  Ein  TtHenUUat  w  E.  tfieiu*.  I' 
the  lack  of  mtiadiblu  itH  habits  cannot  be  fully  iuf«rre<t,  but  tlie  : 
of  the  Btipeiior  bones  of  lbs  moiitli  is  letis  powerful  relatively  Uian  ■  ^ 
those  fishes. 

Found  by  myi^elF  in  the  blue  Umcstout'  shale  on  Butlu  Cte«k,  wnith  ■= 
Port  WitllitiM!,  KunsaB. 

CIMOLICHTHYS.    I^uly. 

Pmcecfl.  Adui.  Nat.  Sei.  Pliila.,  18fl«,  p.  -iVii.    Tmiw.  Aiocr.  Phi1o«opt-J 
Soc.,  IMU,  p.  03.     SauTO^«!i,  A^asKis,  pC.  Puiss.  Fobs. 

In  this  genus  the  principal  teeth  are  stmil,  a«d  luivc  ii  eompresscd  ape  • 
with  a  prominent  anterior  cutting  edgti.  and  a  less  exteiitltwl  postmnc 
<ine.  There  arc  seveitU  series  of  smalVr  trelh  oxtemal  to  tlie  Inrgc  on^ 
in  tbe  lower  jaw,  while  in  a  iwrtinii  of  an  upper  jaw  of  one  of  the  4{nai(^ 
tfae»e  are  wiihting.  Where  present,  they  art!  mora  anitte  than  the  lair.ir'^ 
ones.  The  Inrge  teeth  diminish  giadiinlty  in  lengUi  to  the  nyniphysia, 
circumstance  which  sepamt»B  theRO  fUhes  frum  EneKodiu,  whcro  one 
more  of  the  nnlerior  teeth  ara  elongate.  In  the  species  bote  duecril 
the  basi's  of  tlie  l*eth  are  enlarged  and  deprivi-d  of  cemuntum  cost, 
thrrc  are  do  true  roots. 

Tlie  maxillary  bone  terminates  in  *,  narrowed  extremity  with  ahi 
termination  at  in  Strntodu».    The  vnmor  En  one  of  the  sppcien  is  acumC 
Dat«  nt  one  end,  nnd  supports  a  short  series  of  teetli.  the  middle  purtio' 
in  a  double  row.    All  the  Icetb  are  without  pu1p.covity. 

The  oiily  indication  of  tllo  mode  of  eucoeKsJou  of  tbt!t4<etli  is  fiiniiAe' 
by  the  specimen  of  C.  firtMp*.    Here  a  email  excHTntlnn  appciars  on  tic 
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inner  side  of  tlio  basis  of  t!ie  tootb.     Tbe  absorption  oommencing  ai 
IMiiiit  no  {Ii>iil)t  removes  tlie  bancs  so  that  the  crown  falls  away. 

The  name  used  was  iipplied  by  Dr.  Leidy  to  a  flsli  erroneously  referred 

t*j  AgHsslz  aiid  Dixon  to  Siivrodon,  Hays.    He  did  not  characterize  it, 

.  ood  imtit  tlie  barbed    i>alatine  teetli  chamcteristir  of  it  nre  discovered  in 

out  apecied,  their  referents  to  it  will  not  be  fiilly  eetablislied.     In  the 

jMits  preserved  they  appear  to  be  identical. 

The  general  affinities  of  thegeniwwiU  receive  nowliglit  from  materials 
MOW  ill  my  poggessioii  and  not  yet  developed. 

The  Sphfj/iirna  eiiriaiUa,  Ctipe  (Hayden's  Rept  Wyoming-,  etc.,  p.  424), 
probiibly  belongs  to  CinuilUhthyii. 

CiMOLicHTirva  SLii.cATtis.  Cope,  sp,  nov. 
rndicated  by  a  left  dentary  bone  with  attached  partB  of  anguLir.  eto. 
I'h©  fragmeut  supports  thirteen  teetb  at  equal  distances,  the  lutervaJs 
often  presenting  ti'accs  of  tootb  bases.  The  bases  of  the  teeth  are  round 
a«»d  the  crowns  becunie  compressed  to  tlie  tip.  They  are  strongly  cni'ved 
bftolcwards  and  acute.  Tlie  anterior  margin  is  particularly  convex  and 
*«ut«,  forming  a  cutting  edge,  bnt  there  is  no  edge  on  the  jiosterior  face. 
I^e  citrface  is  ratlier  finely  striatc-groovod  on  tlie  inner  and  posterior 
lixj^KS.  The  teeth  of  the  exterior  Heriee  are  in  several  row«,  tbaC  next  the 
^r^ts  tcctli  being  considerably  larger  than  the  others.  They  are  curved 
•">W«^r(l»  and  ai*  llattencd,  having  cutting  edges  on  both  anterior  and 
IMjfiil^rior  margins.  Cementum  smooth.  The  external  i^juntler  ttieth  ore 
***or"ter  in  relation  to  tlieir  length,  not  cm-ved,  and  two-edged. 

™8»e  dentAry  bone  cutitracts  irregularly  to  the  sympbysia,  and  has  a 
l^lOlcened  inferior  margin.  The  Byniphyscal  sm-foce  is  small,  and  pre- 
*^*ktaa  marked  fossa.  The  external  faceof  the  bone  is  divided  by  a  deep 
"*w^itiidlnftl  gi'oove  which  la  overhung  by  tbe  produced  extremity,  and 
^"Soli  gives  exit  to  tlie  mental  foramen.  The  external  faoo  of  Uio  den- 
'^O"  has  an  impressed  groove  along  its  lower  tldrd  anteriorly,  and  its 
**•"&»«!  is  sculptured  with  deep  longitudinal  sulci,  which  often  run 
*<*?otUer. 

M. 

Length  of  fragment O.IH 

Depth  of  first  tooth 01 

■'      seventh  " OSS 

"      t«ith       "  0*i 

Total  elevation  of  fifth  tooth 014 

le  restored  ci'auinm  of  this  ttsh  is  about  one  foot  in  length. 
^Ktim  near  the  Smoky  River  in  Western  Kansas. 

CtMOLICHTHTS  SEMIANCEPS.   Cope,  sp,  nov, 

^Wablished  on  remains  of  two  individuals.     One  of  tliese  embraces 
***^brjB,  poilions  of  vomer,  maxillary,  mandibular  and  otlier  bones  with 
e  scales.     The  other  consists  of  a  deutary  bone  with  symphysis  and 
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These  indicate  smaller  iiulividutila  Lliati  tlmt  tyjiical  oT  C.  tuUiitut,  but 
the  principal  <liQcreuce  is  to  l>e  seen  in  tliv  loetli.  Those  are  r^thEi'  moiv 
t>l(>U){at«,  anil  tliey  hitTe  a  nitttng  vAge  •iii  thu  [losterifH'  asgwut  uf  tliv 
a|>ex  lui'weU  as  nil  the  anterior.  It  extends  but  n  sliort  diatanui  while 
the  anterior  riseii  new  the-  base,  niwl  in  strongly  convex.  ITiu  tooUi  eurvti* 
baulrwiinls ;  the  baiw  i&  iimnd  in  section.  Tlie  otinTex  iwstvnor  nnil 
tile  iiiiiur  faces  nre  rather  tiiiely  6triate-Kri)Uvi<iL  The  btrger  twitb  of  the 
QXtemiil  serieK  are  convex  on  the  inner  fiice :  tlioy  am  twtMid|{«d(  aiut 
sligbtty  incurved. 

T)ie  untur  Itux  uf  the  drntary  boncK  Is  sfi-uniily  lungitudtnnll]'  pnnI1«l 
siiU'Hte.  Tbe  inner  face  mult  be  siii'fiK*J<i>r«llth»(>lherl«Ji«wimvnilinrtuly 
striate  exat^tly  as  iii  soiuo  uf  the  Monatiuiroiil;  Clitliiiftt  prapylhon,  for 
example.  The  anterior  cxtrcmiiy  of  the  um-rilhiry  ia  etiitight  on  one 
aide,  and  oWiiiuely  lH.'veIeiI  on  the  oUicr  to  au  ottuiK)  L-onijHvuwd  ftlwx. 
Tbe  bcTuI  becomes  eub-lioriaontal  posti'rlorly,  indicaQng  a  mthn'  nhallow 
h(nw.  Two  of  Its  anU^riur  l«etli  are  a  little  larjjer  tliaii  tltow  that  follow. 
Tb«  supposed  i-nui«r-  lis  niirr<iwcd  ta  v.  Iictik  posti'iicirly  (?i,  snO  proacnls  an 
elevnU'd  iougittuUii;i1  and  obtune  r)d;,'e  ud  the  middle  line.  This  auiipnrU  - 
u  ruw  of  nine  teeth,  live  <if  tbcni  having  iimtee.  Tbe  boue  expamls  at 
the  other  end  for  a  squainoHal  articntntiitn  with  other  clemuntK.  TIib 
vomerine  tct'tli  rire  aiiialliT  thnn  the  biiyur  ildntarics. 

The  tri'Utifm  are  elongate  and  much  cwiitracted  nutdlally  ;  tlio  rinut  of 
the  I'uiiB  are  tbickened,  and  tlic  cups  Uivmselvcs  very  iloeii.  Tlitrt  le  » 
trace  of  n  sin){le  median  longitudln&l  groove.  The  neural  and  Inunwl 
arobcK  are  represented  by  bruad  lonj-ftudiual  Umiuw  ill  tlio  Kiwcimms. 
The  vertcbne  are  tUns  veiy  different  from  those  of  the  Snurddonliilit,  alul 
bear  mi-re  retemblauL-e  lii  tbuM>  of  CffpriiiiMioittirhr. 

In  the  riintiii  wHh  i^yrapliyiiis,  the  obanictcrs  of  the  latter  ivMinlilo 
thone  in  C.  tuleiilii».  It  is  very  ttoiall,  and  duvH  not  i.>xlul>it  tli«  fmuBl  (if 
the  latter  i^ieclcs.  Tliu  mental  ronimcii  dous  not  continue  as  a  t^iovo  ut 
the  iHlgu,  while  tliere  is  u  deep  groove  ou  the  iiui^r  face  opi>obitc  to  It,  not 
Been  Ell  U.  mtfatii*. 

Tlie  lirst  deHcHljt'd  npvcimen  wunid  have  been,  jierhapH,  n  twenty-flvo 
pound  dsli  in  life.     Ilotli  speciinens  were  from  near  Butte  Cnel(,  vA.  w 
dintaiive  apart. 

Civil l.lfUTHVS  ASCEI'S.    CojW.  Sp.  UllV. 

Establinht^d  nu  poitioiu  of  a  right  maxillary  Iwne  of  onp  liullvMBal, 
and,  perliup«,  I^e  pre  maxillary  of  a  Beeund.  Tlin  former  tiujipurt*  nx 
teeth  and  four  euijity  alveoli. 

In  aecoi'daucc  with  ulmrMters  derived  from  study  of  C,  ttmianrtpt, 
there  is  no  external  scries  of  sniullor  toetli  on  the  niaxlUary.     TUif  inasik 
lary  has  a  llatt«ned  anterior  ext«rniiuation,  Honmwhal  aa  tn  Utratodat    ■ 
•apitiilit.  the  supeiior  taae  being   excavated  and  widened  ami  gmdnally   ' 
descending  to  meet  tbe  inferior.    The  line  of  junetion,  whera  alMi  tli«^ 
premnxillaiy  commences,  la  obliqtte  tecva  Iwfore  inwards,  and  biwkwanU.  -^--  -^ 
Tbe  anterior  tooth  is  a  little  liir^cr  than  tliiwo  following.    1'lie  fonu  a 


353  [Uope.. 

tbe  tcotli  ditferH  mitcli  from  tliat  seen  in  tbe  Hpeciea  just  ileauiil)ed. 
They  liave  au  oval  wctiou  M  liiw«,  but  Bp^txlily  'bocoiiiu  tnut-'li  ootiipi'esBvd 
in  it  direvtiuu  obliijue  tu  tliv  loug  diikmeter  of  the  boue,  and  develop  cut- 
ting odgKB  iippoRiti;  to  unch  otl)ur,  hihI  swpiiratmg  eiiuid  facvs.  The  ci-uwn 
iH  a  little  more  uouvex  uii  ouu'cdge  tbiui  on  the  uthcr,  and  hns  a  slight  iu- 
wsrd  uurvaturo.  The  tipcx  ia  shai-p.  The  oem^ntuut  ut  the  crown  is 
nnwtlii  but  the  narttuiv  ur  tlie  baixU  purtluu  bolow  lliu  cifmnicnceinenl  of 
tlie  (.■altiug  cdgUH  i«  minutely  striiite-groiivcd,  some  grwires  beiug  douper 
than  othei'H,  the  siii-fuuv  hiiviug  A  silky  hlstrv. 

TUe  Burfiiw;  iif  the  bone  where  pitaen-iiil  is  ivirlmut  st«riu1  Bculptiirc. 
TliB  upper  ninrgiu  is  gTooyed  For  ai-tii'iiliiliori  with  a  BupiimiiiTH'i'nry 
maxillary. 

M. 
Teeth  in  M.  .01.  two 

tLttiigtIi  of  hist  nnixillary  toutli O.OOS 
Lo^g diamutor  of  bnMi»  of  "    Wl 
Depth  mnxillnry  bone  itt    ''      Oi2 
lu«maxillary  bonu  belunged  prolmbly  to  a  Biuallur  tUb.    It  liaa  the 
ten  Huen  in  Knchodut  hut  is  Nliorter  nnd  deejivr  liuui  in  the  kuowu 
spccieA.     Thu  tattiral  {,too\'u  is  h«ru  imb vertical  and  uu  the  .lutoiior  fitee 
«xt«iidi])g  to  iiciir  th«  busis  of  tiiv  tooth.    The  iufurior  lUcv  biduiiil  Uie 
tootli  expands  giitdually  lo  ita  baiie,  trhi^  is  niarkeil  by  the  uoirow  ore*' 
«QaUc  soar  of  tie  old*'r  looth  bwju  iu  H.  pivmdtH:    Tho  ttowa  of  the 
-tooth  was  «jiiroi>ly  as  largo  as  rbat  of  the  njaxiUariea,  but  is  lost.    Ita 
li»m>  is  duu-il,  and  tlic  Burl'aie  Jiuely  striatv.    Leiigtli  of  bonv,  St.  .016. 
Tllis  aptH'Inivn  was  not  funnd  with  thx  j>i-ccediug.     Tim  latttrr  was  dis- 
«ovyred  on  Ihp  same  bhifl'  that  produoi-d  the  C.  mmiancept  and  the  Sti-ii' 
I    MrfWd  apieali».  at  eoitie  distance  from  thi^iii. 

•  CiMOLicuTins  oLADioLDa.    lope.  sp.  nov. 

[nsented  by  n  single  elongate  tooth  whieli  is  intcnnediat«  in  ebar- 
tetwetin  those  of  the  Iwo  t^peuien  lant  deseilbod,  but  much  lai-gur 
6ithi>r.  It  is  loo  large  for  an  anterior  iimxUlary  tooth  of  C.  aafept 
and  should  it  iMMtaln  tn  the  end  of  the  mandibular  series,  will  iu  bo  fttr 
reseiubk  the  gtnus  Eitrhodia.  But  lh"»  cutting  edges  are  opfjosite  to 
each  otlior,  and  not,  aK  is  nsual  iu  that  genua,  on  one  side,  leaving  tbe 
iiuiur  fact)  very  uouve;^.  In  this  species  tlie  crown  is  ratlier  slender  and 
oomprotued  above  the  )>a«e.  The  anterior  cutting  edge  extends  to  the 
bottom,  wbUc  tbe  posterior  ivacbeB  only  lialf-way  down  ;  there  is  no  barb. 
Tlte  aei.'tion  of  the  ba»e  exhibits  an  nnglu  iu  continuation  of  the  latter. 
The  inner  face  is  a  little  more  convex  tlian  the  outer  ;  its  posterior  half 
ia  ntlier  coarsely  striate  keeled.  The  posterior  half  of  tbe  outer  &ce  ia 
flnety  striate.  The  inner  posterior  aspect  of  tbe  root  preBont«  a  cavity  of 
abs'jri>tion  for  tlie  suocessional  tiKith,  as  iu  C,  annpn.  Tlje  uutllng  edge 
and  top  of  ajiex  are  glossy  black.     T.eugtk  from  fossa,  M.  .011) ;  diameter 

at  do.,  .uon. 

a  locality  at  a  short  distnnce  from  that  of  C.  antfp*. 


ENCHODUS.  Cuvier. 
Remnins  of  species  uf  this  genus  oi^cur  in  tlie  vretsoeouB  strnta  of  Kan- 
e»s.  I  disooreretl  n  tootli  belonging  to  oiie  of  ttiem,  in  Uio  niatiix  bo- 
iiefith  the  vertebra  ot  EhiHt/umn'iriig  piaCgiiru*.  Dr.  Leiily  deaeribes  a 
Hpecies*  fj«m  tbe  cretnecous  formatJunM  uf  the  Upper  MiaHODri  re^on, 
V  hicU  lie  called  E.  thumariiii.  Tbo  pit'ronxilliUT  of  a  rntlicr  Ui^  spe- 
cies was  obtained  by  my  expetiition,  bnt  tbe  BpeuiCH  ig  not  ilet<'nniiiabie. 
The  diameter  of  the  baMs  of  the  tooth  is  M.  .013.  The  long  looth  of  n 
st>eciett  of  medium  sikc  was  detected,  m  follows : 

EKcnoDcs  CALLiODON.    Cope.  sp.  nov. 

Encliodtit  »p.  Cope.   Hnyden's  8urv.,  Wyoming,  etc..  p.  4S4. 

The  tooth  on  whkh  tliifl  species  rustx  is  eap«ci.illy  clegnnt.  It  is  quite 
slender,  and  gntdually  contracts  to  the  acul«  upcx.  Tlie  cutting  edges 
which  eictend  to  the  base,  are  on  flne  side,  and  are  separuttyl  in  mie 
direction  by  a.  narrow,  slightly  convex,  and  |ierfe<!tly  smooth  faee.  Tlie 
inner  fttce  ia  strongly  couvejc,  l>eing  more  tlmn  half  a  circle  from  the  mid- 
dle of  tlie  length  downwards.  Tliis  is  also  smoolh  on  its  ftnt«Hor  and 
posterior  aspects,  bnt  on  the  inner,  there  are  nine  fhorp  itcI)CRt«  knls 
whioli  diflttppear  as  the  tootli  contriu^  the  last  t^rminnting  with  tbe 
third  (juarter  of  the  length.    Total  le-nglh,  M.  .03 ",  loiigitHdiMitl  dianiel«r 


:>oth  is  black. 


At  bnsc,  .0035 ;  transverse  do.,  .00:<5,     The  ap«K  of  th<-' 

From  near  Fossil  Spring,  Western  Kansas, 

(?) 

ANOOMIUS.    Cope. 
(Proeeod.  Amer.  PUilos.  Sot.,  I8TI,  p.  170.) 

This  name  was  applied  to  a  genus  suppusfd  to  ba  allied  to  tliL'  .SViuru- 
dontiila.  nnd  represented  by  vertebne  only.  One  speciex  was  iiankoil  A. 
contractu*.  Cope,  1.  c,  which  w»«  foitnd  by  ProfcsBor  Unilge.  I  havo 
neeu  nothinjj;  resembling  these  vei-tebiie  among  eitlier  of  the  throe  famU 
lies  above  dciieribed.  siul  citnnot  a»(icrlAiu  their  exiK-t  Affinities  wtttiont 
further  investigation.  It  is  clear  thut  they  nre  not  i«ferahle  to  the  fanowii 
genera  of  Sa^rodoMida  nor  of  Stratadoutida.  Tlicy  preewut  a  markeil 
«hAracter  in  the  crowding  togotlier  of  tlioRC  eandal  vortebnr  which  ])re- 
«!de  thoM  that  support  Uie  eandal  lin.  The  centra  are  idiortenetl  and 
the  prolon^red  neural  and  hiemiU  arolicH  and  spincg  lie  one  on  the  uLhcr, 
forniing  a  fan-ah^peit  body.  The  arches  do  not,  at  tSe  eune  time,  beooins 
ancliylosed.  This  structure  is  soon  in  the  .4.  eonlraetat  and  in  a  seooiul 
and  snuJler  speciea.  It  finds  a  pfti'aUol  in  the  caudal  vertelino  of  the 
^eaus  Itehyrliita  of  I<eidy  from  the  green  sand  of  tbe  New  Jersey  errtji- 
-coouB,  where  all  the  clGmentn  of  tluH  C^n-ahaiied  body,  centra,  spinen^,  eu., 
are  c«6a8illed  into  a  solid  inaKs.  TIuk  will  dcllne  family.  A  spedos 
having  the  same  structure  ia  comnicni  in  the  Miocene  of  Maryland.     In 

■  EnniiWii*  thumnrilU,  VMr.  Pmc  kt.  XtX,  Sol..  I'llil..  \Kt\.  f.  SS7.  lis  •mllai  rqwdn 
ifluu  ur  of  tk*  ClmullchUiyM  ban  daKribcd. 


Jnopi/iiB*,  tlw  Bides  of  the  centra,  thuugh  Isdcing  the  groovea  of  other 
j^uera,  nre  Btriate-grooved  and  raticnlate.  So  are  those  of  hehyrhUu, 
siiid  both  la  tiiis  ivEemlile  the  recent  genus  Efux,  Add  to  tliis  the  fact 
fthat  the  teeth  of  hchgrhitu  are  almost  exactly  like  those  of  Em^,  espe- 
ArifiUy  aa  to  their  large  tissured  (angs,  and  half  pluurodont  iiiaertion,  some 
Tolationship  to  the  Emieida  may  be  preilicated.  Tliia  is  the  iii'st  hint  I 
'^DiOW  of  as  to  the  affinitlcB  of  Iwhyrhizti. 

Bnogmim  eontraftw  was  about  tlio  size  of  IflilAgodectet  jirngnitthv.ii; 
■ecoiid  Anoffmiut  is  not  more  than  one-tbird  the  size,  the  caudal  ver- 
1B  &i«i&oro  a^gregatuil.  and  the  uetiral  spines  after  leauing  backwards 
turned  upwards.  The  siiecinicu  came  from  Lower  Butte  Creek ;  no 
parts  of  craniuni  or  fins  were  found.  The  veri«bne  originally  described 
by  me  an  pertaining  to  lehtkyodcetc  rtcnodon  belong  either  here  or  to 
Jjuhj/rhiia ;  they  agree  with  tbe  latter  in  most  respects,  having  the  ueuro- 
«  coOssifled  witb  the  centruin.  Tliey  are  several  times  lai'ger 
n  those  oi  A.  ronlntetn*  and  relatively  shorter,  t>eing  about  eijual  to 
«  of  Uehyrkitn  mirri,  Leldy. 
f  do  not  Dame  these  speci^e.  as  tbey  maybe  P'tehj/rhianiniitidir,  and 
p  be  in  any  case  better  identified  from  craninl  and  &a  remains. 
SELACtlU. 
IB  of  sharks  and  rays  are  far  less  abundant  in  tlie  cretaceous  of 
tern  Eanaaa  than  in  New  Jersey,  and  are  much  escooded  in  abuud- 
>  by  the  Phyijostomus  Aflinopttri,  as  the  present  aouount  indiuates. 
~  e  re^on  near  Fort  llays  and  Salinn,  sliarks'  teetb  are  more  Cre- 
intly  found.     Those  from  near  Fort  "Wallace  belong  to  hut  two  ^iieciea 

(ULEOCEnOO.    Mfdl.  lloul. 
Oalicocerdo  cnA3siDE!C9.    Cupe.    up.  uov. 
tablished  on  two  teeth  of  tlie  type  of  0.  adtineiit,  Agasfl.,  t.  e.,  with 
K'outting  edge  much  more  i-onv^x  than  the  other.    The  processes  of 
s  rather  narrow,  that  Itoncatli  the  convex  cutting  edge  the 
most  Bo.     The  apex  of  Uie  t^Krtli  is  very  shoit.  entirely  plane,  and  Htauds 
over  the  middle  or  imier  edge  of  .the   wider  process  of  the   fang.     The 
idtorler  cutting  edge  is  stnught  or  convex  to  near  the  ba«c  where  a  short 
It  keel  develops  itself.     Tlie  anterior  ed^e  is  strongly  convex,  and 
s  are  denticnlate.     One  sifle  is  mora  convex  than  the  other. 
Cementum  smooth. 

M. 

L«ngth  baais I1.U14 

K  Height  crown 01 

■'      ro.Jl -...   .(K» 

FFldtb  tooth  at  contraction 01 

Galeoterpo  habtwei.iji.    Cope.  sp.  nov. 
s  •pedes  is  of  the  tdgerlonii  group,  i.  e.,  with  the   cutting  edges 
tqtul  and  symmetrical.    Tlie  basis  is  broad  and  with  convexitiea  at 


1 


Cope.]  ^^"  [Jan-V 

the  fang  instead  of  the  processes  of  the  last  8i)eoies.  The  external  parts 
of  the  cutting  edge  rise  slowly  from  the  base,  and  then  rise  more  steeply 
at  an  obtuse  angle.  They  are  convex  on  each  side  above,  and  meet  sym- 
metrically, forming  a  little  less  than  a  right  angle.  No  denticles ;  oe- 
mcntum  smooth.  Edge  everywhei*e  denticulate.  One  side  of  crown 
plane,  the  other  convex. 

M. 

Length  l)asis 0.0115 

**        fang 0495 

Elevation  of  apex  (from  concavity) 0145 

Width  crown  at  contraction 043 

Tliis  tooth  is  stouter  and  larfj^cr  than  that  of  O,  edffertonii,  and  was 
found  l.'cueath  the  bones  of  the  Profosfc/jit  (ji(/iif<.  It  is  named  aft«r  3Iartin 
V.  Ilartwell,  a  member  of  my  exi»cdition,  to  whose  acuteuess  and  industry 
I  owe  many  si)ceimens. 

(lENEKAL  OJLSEUVATIOXS. 

Tlie  followin:;  species  have  now  been  described  from  the  cretaceous 
formation  of  Kansas  : 

Sauuodontid.k. 

Poiihens  ntolo<stis.     Cope. 
Partht  UK  tJiaumax,     Cope. 
Ichthyoilertea  «itui(Oi}t.     Cope. 
Irhthyodtrtcfi  cUmnhm.     Cope. 
Jcht/ti/odt'rfc.i  lunn'itn^i.     Cope. 
L'ltthyo(hcti'n  I)  rod  It  (t  than.     C(»po. 
Ichthi/oOicUa  niuUidcntntiisi.     Cojie. 
(.'i  Xip/tcrfinffa  iu(da.r,     Leidy. 
SdiirocciihaUiH  pkhhutomu*.     Cope. 
iSf(Kroi'ep/ndns  ttrcpdhociuK.     Cope. 

Paciiyuiiizodontid.k. 
Piirhyrhinntnx  rtiiiiuns.     Cope. 
Ptirliyrhizoduin  kimjii.     Cojjc. 
1^(1  city  I'll  iznduH  Itttiiiienfuni.     Cope. 
Pt(ehyrhizodaH  xhetin'ri.     Cope. 
Kiitpo  wpfthollicu.     Cope. 

Sthatodontid/K. 
Stratodna  apira}in,     Coi>e. 
CiiiiolichthyH  sulratUH,     Cope. 
CiinolichthyH  Hciiiiancepi^.     Coi)e. 
Ciiii(dirhthyH  nihcepn.     Cope. 
CiiiodichthyH  yhidhlu!*^     Cope. 
CiiitolirhthyH  (/)  carinntun,     Coi)e. 
Enrhodus  ctilUodon,     Coin;. 


pflU, 


,rifo,;, 


.  Cdjie.    Hiiyden's  Keport,  Wyoming,  1871,  y,  423.) 


SKLACItll. 

OaUoferdi)  erautiden*.     Cope. 
GaUoftrdo  hartrellii.     Coi)e. 

Of  the  jirciKding  twenty-four  Hpcciea,  the  greater  piut  nre  PhyaOHtom- 
uu«  Aetinoptrri,  and  tlieri!  is  no  speuies  of  a  PhyBoclystoiis  family  iii  the 
list.*  No  tmce  of  spinea  nr  senior  of  fislieji  of  the  Intter  (iharai-t.er  have 
beeu  yet  diHC(>vi>re<t  in  strata  uf  this  period  in  the  West.  t]ioii({h  ono 
{Btrj/i  intrulplvf.  Cope,)  has  been  diacvvei'cd  hy  Dr.  Lockwnod  in  tlia 
grMn-sand  marl  of  Hkv/  Jemoy. 

In  tlio  sniHind  place,  it  i«  of  inipnrtanco  to  observe  that  thegeiiera  have 
aearly  all  \iotn  nbtainod  ftom  Ibe  clialk  of  Europe.  Portheut  is  repre- 
wntvd  perhaps  by  Home  speeimens  referrt'd  to  Ilsptadon  ;  one  species  of 
leMhyodtete*  w  flgui«d  by  Dixon  froni  Sussex,  nnil  one  of  L'intoiichthp* 
.  and  Fa'tigrhiiodu*  eock.  Enehodun  has  long  l>een  Iciiowii  (him  Tltillaud, 
««.,  Ayifiefir,  E'H}",  and  Sti-atadvi  beiu>;  m  far  the  only  ones  nol.  found 
in  Eurujiv.  TItis  is  of  much  interest  in  every  respetrt,  and  points  to  the 
,■  rSyDclironism  as  ^iiemlly  tuidcrstood,  between  the  chalk  fonuations  of 
■"^       e  and  nf  England. 


Sttiletl  Meeling,  Fehntary  16, 1872. 

Pre(-eut,  IG  rQcnibei'?. 

Prefiideiit,  Pr.  Wooii,  in  llie  Cliair. 

rte  Aq  visite  pliotogniph  nml  letter,  acknowiedgiug 
Tet'eipt  of  dii'loiim  of  memlieriihip  was  received  ft'iim  Prof. 

I^^--'nftTI,  Ititehcock,  dated  Unnover,  K.  IL,  February  3d, 
iliotijgmpli  was  i-cceived  from  Rev.  E.  R.  Eeaille,  dated 
Dokncoy  Place,  Pljila.,Feb.  7tli,  1^72. 
tera  acknowledging  thereceii)t  of  diplnmas  of  member- 
Fere  received  from  tlie  Rev.  E.  K  I  lale,  dated  Roxburj, 
I  Feb,  5,  and  from  Mr.  Edwanl  Quincey,  dated  Ded- 
liam,  Mass.,  Feb.,  1872. 


A  letter  accepting  election  to  membership  was  received 
from  Prof.  G.  W.  Hough,  datcil  Dudley  Observatory,  Albany,. 
Feb.  1, 1872,  sending  alao  a  donation  tor  the  Librarj-. 

Letters  acknowledging  tlie  receipt  of  the  Publications  ot 
the  Society  were  received  from  the  I.  Academy  at  Vienna, 
Jan'y  7, 1871  (Xm.,iii.  81,  82) ;  R.  Society  at  UpBal.Nov.l, 
1870  (77,  78,  80,  81.  82) ;  R,  Library  at  the  Hague,  Aug.  27,. 

1870  {XIIL,  iii.  82);  July  15,  1871  tXI\'.,  i.,  iii.  84,  85); 
Holland  Society  at  Harlem,  June,  1871  (XIV.,  i.,  ii„  84,  85); 
Bataviau  Society  at  Rotterdam,  Sept.  23,  1870  (XTTI.,  iii-r 
82,  83);  July  26, 1871  (XTV.  i.,  ii.,  84,  85) ;  Royal  Aendeniy 

'  at  Amsterdam,  Dec.  15,  IStJO  (XDT.  iii.,  81,  82,  88) ;  R. 
Academy  at  BruB-sels,  Aug.  30,  1S70  (82,  83);  July  35, 1871 
(XIV.  ii.,  84) ;  Society  of  PliynicB,  &c..  at  Geneva,  Oct,  1,. 

1871  (XrV'.  i.,  ii.,  84,  85). 

Letters  announcing  the  euvyy  of  publications  to  tliia  So- 
ciety  were  received  fi-ora  the  Iin,  Aeadeniy  at  VienTia,  Sc)).  26^ 
1871;  R.  Society  at  tJpsal, Nov.  1,1870;  Obsen-atiiryatPrag., 
Sep.  22, 1871 ;  Geological  Stxjicty  at  Dresden,  Oct.  15, 1871 ; 
Central  Scientific  Bureau  at  Harlem,  July  30, 1871 ;  Biitaviaii 
Society  at  Rotterdam,  May,  1871 ;  R.  Academy  at  Aiueter- 
dam,  Oct.  24, 1870;  R.  Academy  at  Brussels,  July  25,  I87L 

Donations  for  the  Library  were  received  from  the  SociC-tc 
Imp.  des  Natuniliatoa  at  Moscow,  Royal  Society  and  (X»!*crra- 
tory  of  the  Univei-aity  at  XTiBal,  Royal  Prnasjan  Acadeiii}*, 
Verein  fiir  Erdkunde  at  Dresden,  Natural  History  Society  at 
Bambei^,  Iv.  K.  Observatory  at  Prague,  M.  Baraude.,  Holtnud 
Society  at  Harlem.  Royal  Academy  at  Amsterdam,  BatHviun 
Society  at  Rotterdam,  Royal  Academy  and  Observatory  ut 
Brussels,  M.  Quetelet,  Physicnl  Society  at  Geneva,  Geologifji! 
Committee  of  Italy,  Signor  Anianctli,  of  Naples,  Geogrrt]>hi- 
cal  Society  at  Paiis,  Bureau  des  Longitudes,  Revue  Polit- 
ique, M.  dinbaa  of  Chalons  sur  Saono,  the  Essex  Infltitot<f, 
Boston  Public  Librai-y,  Dudley  Observatory,  Mr.  W.  W. 
Mani),  of  New  York,  Medical  News  and  Library,  Half 
Yearly  Abstract  of  Medical  Sciences,  Peun  Monthly,  U.  S. 
Secretary  of  the  Interior,  and  Prof.  J.  S.  Newberry,  of  thc 
Ohio  Geolog.  Survey. 


Jonunittee  on  tlie  observation  of  tlie  next  transit  of 
Veiiup,  made  a  reiHirt,  with  a  memorial  to  Congress,  to  be 
signed  by  the  officei-rt  of  tlieS(wietj',and  another,  of  like  im- 
port, to  be  signed  by  nienibera  of  the  Society,  and  others  who 
may  be  disi>o3ed  to  join  in  the  object  projiosed. — The  report 
was  accepted,  and  the  Committee  discharged,  and  the  mcmo- 
rijil  directed  to  be  signed  by  the  officers  of  the  Society. 

A  pajici'  was  rend  by  Mr.  P.  E.  Clinse,  on  the  Correlatiou. 
of  Cosmical  and  MolfCiihir  Foi-oes,  which  was  ref'ciTed  to  a 
Committee,  couaiMting  of  Trol's.  J.  F.  Fi-azcr,  E.  0.  Kend:ill 
and  S.  J.  Gumuiore. 

Prof,  Cojie  laid  ujion  the  table  eertsiin  fossil  remains  from 
tJtah,  and  presented  a  paper  descriptive  of  their  geological 
jiCisitions  and  relations, entitled,  **■  OiiBathuiodon,  an  extinct 
^letius  of  Ungnlates." 

A  memoir  on  the  Geology  of  West  Virginia,  by  J.  J. 
Stevenson,  was  presented  by  J.  F,  Fmzer,  and  ix-ferred  to  tho 
Sooretaries. 

Ponding  nominattouB  Nos.  689-691,  and  new  nomination 
u  read,  and  the  meeting  was  adjourned. 


ile<l  Mcdiii(/,  Marrh  1, 1872. 
Pi-eseut,  18  membei's. 


Vice-President,  Prof,  J.  C.  Crksson,  in  tbe  Chair. 


A  letter  was  I'eceived  from  ^^^.  S.  "W.  Roberts,  accepting 
lie  appointment  to  preimre  an  obituarj-  notice  of  Mr.  E. 
Miller. 

A  letter  of  envoy  was  received  from  the  R.  Society  of  An- 
tiquaries, Loudon,  Feb.  26, 1872(XIV.  iii.  87);  Boston  Public 
Library,  Feb.  28, 1872  (XIV.  iii.)  t  N.  York  Hist.  8oe.  Feb- 
26, 1872  (XIV.  iii.);  Mass.  Hist.  Soc.,  Feb.  26, 1872  (XTV.  iii.)„ 
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Donations  for  the  Library  were  received  from  the  R.  Bel- 
gian Academy,  Revue  Politique,  London  Xature,  Royal  So- 
ciety, R.  Astronomical,  Chemical  and  Antiquarian  Societies, 
and  Society  of  Arts  and  Institutions  in  Union,  H.  M.  Sec.  of 
State  for  India,  Greenwich  Observatory,  Geological  and  Poly- 
technic Society  of  West  Riding  of  Yorkshire,  Leeds  Phil. 
and  Lit.  Soc,  Belfast  Flax  Extension  Association,  Xew  Bed- 
ford Public  Librarv,  Prof  G.  11.  Hitchcock,  Boston  Old  and 
Xow,  American  Acudcniy  of  Arts  and  Sciences,  Xew  York 
American  Chemist,  Philadelphia  Journal  of  Phumiacy, 
Bureau  of  Socretarv  of  War  at  Washini^ton,  and  the  Uni- 
vcrsitv  of  Yiririnia. 

The  Committee  to  winch  was  referred  Pn»f.  P.  E.  Chase's 
paper  on  the  Correhitiuu  of  Cosmical  and  Molecular  Forces, 
reported  in  favor  of  its  jaibliratiou  in  the  Transactions,  which 
was  so  ordered. 

Mr.  Lyman  presented,  tor  tlie  Transactions,  a  <lescriptiou 
of  a  part  of  the  Coal  rcici^^n  of  Southern  Yirginia,  with  an 
accuratelv  surveved  map  of  the  same,  which  was  ivferivil  to 
a  Committee,  consisting:  of  Mr.  Lesfev,  Prof.  J.  F.  Frazer 
and  J>r.  Genth. 

Prof  (■o])e  read,  by  title  for  the  Proceedings,  two  i>aix>r», 
entitled,  'M.)n  tw(»  new  ( )rnitliosa.urians  tVom  Kansas,"  and 
'"  Oii  the  irenus  i^'otostesxa,  a  form  of  Extinct  Testudinata,'* 
which  were  referred  to  the  Secretaries. 

Mr.  Price  read  the  fiist  j^ortion  of  a  Communication  on- 
titled,  '' Another  IMiaso  of  Modern  Philosophy." 

Prof.  Stevenson's  })aj»er,  rea«l  at  the  last  meeting,  was,  on 
motion  of  the  Se(*retary,  referred  to  a  Committee,  consisting 
of  Dr.  ( Tenth,  Mr.  Lesley  and  Prof  Frazer,  »Jr.,  to  re[K>rt  on 
the  propriety  (»f  publishing  it  in  the  Transactions  of  the 
Society. 

The  Keporl  of  the  Treasurer  of  the  Trustees  of  the 
Buildino;  Fund  was  read  bv  Mr.  Marsh. 

Pending  nominations,  Xos.  680  to  692  were  read. 

And  the  meeting  was  adjourned. 


ANOTIIEH  PHASE  OF  MODERS  PHILOSOPHY. 

BtE.  K.PHICE. 

Stud  before  tht  Anuirifan  PhiloiophUal  Soeiety,  March  \tt,  1872.) 

s  not  Ihe  name  flesh.'"     "There  is  one  flesh  of  men  and  nn- 
fofbeuta."     "What  isainanpi'otitodif  hesh&ll    •    •    •    lose  his 
own  soul?" 

Those  who  have  lived  through  nearly  three-fourths  of  the  Ninetiienth 
Centur.v,  and  witneEsetl  the  roanj  iisefiil  and  brilliant  iliscoveriee  timt 
hare  itliistrat^d  tlie  past  two  a^tea,  may  not  safely  venture  to  discoani{;e 
Ihe  boldneM  of  any  investigations  that  are  le^tiroiitely  pursued.  Nor 
Trill  any  one  properly  criticise  or  censure  those  who  iu  Wio  miun  are  doing 
f^od  service  to  science,  iintess  he  clearly  perceivea  tliat  the  great  canon  of 
philosophizing,  wliich  all  must  acknonle<lge,  has  not  been  duly  obserred. 
When  such  case  occurs  in  matters  of  higlieKt  importance,  it  then  beooines 
the  duty  of  the  humblest  to  epe»k  nut  in  the  coiTection  of  what  lie  believes 
to  be  error,  in  the  name  of  an  all-i«i'vadjnfr  philosophy,  and  in  behalf  of 
-our  oommoii  humanity,  according  to  his  own  conviction  and  ability. 

The  fintt  lesson  tlie  scientist  should  learn  is  that  of  the  limit  of  the 
human  understanding,  beyond  wldch  it  is  useless  to  attempt  to  investi- 
gate ;  and  to  recogniM  as  inviolable  those  secrets  which  the  Creator  has 
ohosen  to  rnservo  to  Himnelf,  and  to  wliich  there  is  no  response  to  interro- 
gation. The  second,  is  to  make  sure  of  all  the  facts  re't>UBite  to  the 
ascertainment  of  truth,  and  tlience  to  draw  only  such  conclusion  as  the 
Imown  tocts  will  justify. 

Tlie  phyMcists  of  this  century  have  studied  life  from  its  physical  basis, 
and  have  too  often  made  the  life  and  the  mind  of  man  the  product  of 
matter.  I  propose  to  disonss  this  theorj',  particularly  in  review  of  Pro- 
foaoor  Huxley's  Physical  Basis  of  Life,  both  to  show  tluit  he  has  di-awn 
his  oouclusions  upon  inadequate  facts,  suid  that  he  has  left  out  of  view 
the  &ats  tliat  show  tlie  distinctive  nature  and  operations  of  tlie  life  end 
of  the  mind. 

IiTt  US  first  consider  a  few  of  the  subjects  having  a  hearing  uj>on  liis 
theory,  wherein  the  limit  to  knowledge  is  recognizable,  beyond  which 
further  research  is  sure  to  be  baffled.  Nothing  is  more  familiar  to  na 
than  our  own  life.  It  is  that  self  wo  should  best  know ;  and  we  can  and 
do  know  niany  things  about  it ;  indeed  all  about  it,  except  Ihe  mystery 
bow  it  can  possibly  be,  and  can  carry  on  its  own  functions.  We  can  see 
and  dissect  our  bodily  structure  of  bones,  joints,  muscles,  tendons ;  brain, 
nerves,  tissues  ;  heart,  arteries,  veins,  etc.  We  see  and  feel  the  body's 
ftiDcllons  as  they  are  carried  on.  We  see  how  it  is  fed  witli  food,  and 
how  the  circulations  are  kept  going  and  the  strength  is  maintained  :  and 
know  that  the  food  taken  is  transmuted  into  the  living  being.  We  are 
invited  to  eat  and  drink  to  appease  hiuiger  and  thirst,  and  thereby  we 
boUl  avert  greater  pain,  and  enjoy  pleasure.  The  food  is  dissolved  by  the 
lo  juice  secreted  by  the  stomach,  and  is  then  chy>nc.  This  in  Itn  de- 
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Bi.'eiit  receives  the  juico  otth^pnafreai,  and  tlie  bile  firom  tbc  ^nll-bladiler 
of  tbe  livev.  The  action  of  the  stoniauh  keep»  itH  cunteuts  in  motiua  ;. 
and  one  portion,  unfitted  to  enter  tha  tlfe-pmcess,  is  rejceted  into  tlir 
di-uught ;  tbe  other  called  chyln,  is  a  milky  fluid,  which  thf  l-irUaU  oiwa- 
lii);  into  the  iulvHtincs  imbibe  and  cany  to  the  thoracic  liuct  and  iuto  tho 
venouH  sjrstem.  The  heart  propels  the  erimaon  blood  tliat  is  returned  to 
il  by  the  voIub,  together  with  the  oontributious  of  chyle,  upon  the  longs, 
'  where  it  meets  tlie  oxygen  of  the  air,  is  decurbonized,  aiid  becomes  mat^ 
let ;  and  this  bright  red  blood,  bciti);  rctumed  to  tlie  heart,  in  pro)iuUed 
through  the  artt'ries  to  the  ortroiuities  of  the  liody,  freighted  with  nil  the 
mnterinl  the  system  domauils ;  the  corpuscles  for  bont',  miiaclci,  ttiiitlon, 
tissue,  ol«,,  and  ilvUveie  them  as  aiid  where  wantwl,  and  from  the  ex- 
tremities tlie  blood  IS  returned  tlii'nugb  the  v^ins  to  Die  heart.  T)ie  pro- 
cess of  life  is  uai-ried  on  by  ceaBelefiw  pulsations.  The  hi-art  lUroba ;  tins 
ariericB  cxpitnd  and  contract ;  the  stomnch.  tJie  iliaplimgm  nud  diesti 
expand  and  contract ;  the  Itui^cB  are  kept  tn  phiy,  and  \re  brvathe ;  |fa» ' 
intestines  are  operated  by  the  peristaltic  motion,  and  tlie  glauds  And 
ahitorbents  ai*  ever  at  work.  All  this  wc  perceive,  or  the  anntomM  or 
physiologiHt  does  for  us,  and  to  liitn  all  is  as  familiar  an  thiii(^  of  dailjr ' 
otiservation.  But  can  he  I«ll  us  what  life  is,  or  hov  it  acts  with  nn  intel- 
li^uce  sui'pasunfly  wouderfid?  We  umt  in  this  process  ttiM  the  food 
lias  becouie  part  of  the  Uviiig  beinj;;  aiid  it  will  rcmniiusueh  so  long  aa  it' 
is  usefiil  to  the  creature,  and  when  any  part  bL-c*>nio3  useless  in  the  snlmsl 
economy  it  is  rejected,  so  tliat  after  a  few  yeiu-s  tlie  whole  system  bi  oom-J 
posed  of  new  mateiials,  but  tlic  same  life  of  identical  coiiHeiDiianess  has 
survived,  and  may  (survive  more  than  ten  entire  change's  of  tlio  life-nto- 
IvDules.  It  is  the  life  in  the  body,  and  only  the  life  that  han  liad  power  to 
take  in,  digest,  aud  assimilate  tlie  orgaiue  food  we  eat,  and  ninko  it  paut 
of  itself.  Why  or  how  the  tiling  wu  call  life  oan  do  all  tliis,  nu  mi^o-  ' 
scope  reveals  to  our  sight ;  no  skill  of  <Ussoetioii  can  roach  ii;  noootmln^ 
of  tbougiit  oan  teach  us.  We  only  witnoss  the  prueess  ami  ilie  Taut  G^< 
life.  The  Power  that  created  the  life,  and  endowed  it  with  its  wouilerflil  ' 
iutelligenee,  lias  chosen  to  keep  tliis  secret  to  Himself;  and  though  it  >»■ 
oursel^  and  we  are  always  oousciaua  of  its  presence  and  action  whQo  w* 
live,  we  cuii  never  tell  what  it  is,  'Or  how  It  lives.  Wb  must  accept  II  ax 
an  ultimate  fact ;  but  trt>m  that  fact  we  raay.  If  we  aiv  logical,  infer  tiuit ' 
it  had  an  Author,  who  could  create  it,  and  yet  peiniit  Us  never  to  know  ' 
His  secret,  though  that  secret  be  our  own  lift:.  The  uukuuwablo  is  thoa  i 
dwelt  upon  not  only  to  heighten  our  conception  of  Deity,  but  to  diow 
where  time  aud  labor  would  be  spvnt  in  vain  ;  and  also,  beuauae  it  is  salu- 
tary that  all  who  investigate  scieni-o  should  do  so  with  the  humhlitiK 
consciousness  that  all  that  Is  known  bears  a  very  small  proportion  to  tltat 
which  here  cannot  be  known.  Yet,  from  tlie  known,  tvrim  tlio  nvidcnoo 
of  its  design,  and  power,  and  beneflcelice  ;  Its  obedience  to  law,  aild  har- 
monious movements ;  ita  grandeur  and  glory,  we  snrcly  infer  a  Craatorf 
Almighty  and  Omniscient. 
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t  us  go  hack  a  stage  in  the  being  of  tliis  life,  whose  souruo  and  uatnro 
TV  iiivit4id  liy  Dr.  Hiixley  to  iuvvstigata.  Fi'i>m  a  vitalized  ovum, 
in^l^  but  a  speck  of  jelly,  tbo  ftetnl  being  is  devvloped  intu  n  body, 
witli  Bvtry  iiart  prepwed  tu  begin  the  liardvuing  piix-OM  of  bruntliing  Ufa. 
Until  birtli  it  derivos  its  nourialiment  from  tbe  mother  by  the  uiuliilical 
«ord  ftUnehed  to  it«  navel.  In  due  time  it  is  ■.'ipelled,  by  nature's  timely 
brt,  that  clijld  uud  mother  may  continue  to  live.  The  physical  liga- 
lat  that  united  tliem  is  severed,  and  Uiu  separate  lil'e  begins.  Tho 
V  bceiicht'E  fur  itself,  und  takes  foiMl  into  its  own  stoniai;h.  Still 
e  nouiifilimeut  comes  from  the  mother,  and  natui-o  bag  provided*  it,  lis 
II  her  breoat.  At  those  fountains  tb«  uhild  drinks  by  a  proccxa 
■  instinct  has  already  tangbt  it.  Its  fiKtdis  lliat  adapted  to  enter  into 
p  circulation  unil  nourish  ibe  life.  The  laeteal  ducts  absorb  the  niilk  and 
t,  into  the  current  of  life.  Why  this  should  all  be,  we  ruadily  un- 
rstatid ;  but  bow  tliis  harmoiuoiis  proci'M  takes  place,  with  sitcb  sure 
•6  and  beneficent  end,  we  cannot  [leneti'atc.  Wc  say  that  nature 
d  instinct  do  that  we  so  admiringly  beliold,  Bnt  if  natur«  had  au 
Mhair,  then  it  was  God  who  does  it.  to  continue  our  raoo.  Tet  Ite  re- 
iS  tho  secret  lie  chooses  not  to  reveal. 

e  must  recede  jrvt  further  to  reach  the  physical  beginniitg  of  life. 
Is  and  vegetableu  of  highest  «i^uization,  we  llnd  tb»t  there  are 
1  requisite  to  tbe  reproduotlun  of  life.  We  Will  take  tlieillustra- 
b  from  the  vegetable  kuigdom,  whence  the  inference  muy  be  made  to 
I  nninml,  inclvditig  man.  When  tbe  sun's  wai'mth  reviAits  us,  and 
toag  ba*  come  with  her  shoiTor.s,  w«  have  also  the  flowers.  These  are 
|t  only  for  our  pleasure  and  refinement  of  taste,  but  lliey  are  naHjre'a 
il  bahilimonts.  The  two  sexes  laay  lie  found  in  the  same  blossom  ; 
fein  sejiarate  blosHoms  on  the  same,  or  different  trees.  Tbe  \i»»e  of  tbe 
la  oontiuna  the  female  oviUes,  made  but  to  perish  in  irterility  nnlesa 
ve  the  pollen  foiined  iu  tbe  anthers  of  tlie  stamens ;  but 
«  not  permitted  to  poriah,  for  the  breezes  are  ever  transporting  the  dnst 
«if  the  pollen  to  the  awaiting  oviilee ;  nod  tbe  busy  bee  and  insects,  as  they 
:*1it  from  (lower  to  llower,  assist  in  nature 'e  requirement.  In  tbe  speck  of 
xnalv  dust  is  tlie  beginning  of  life,  to  find  its  necessary  receptacle  in  tbe 
Ccmale  molecule  of  matter.  The  ovules  are  fructified ;  the  flower  fiides 
xtnddics,  for  it  lias  fulfilled  its oQice;  but  the  seed  growsand  matures,  and 
ill  tlie  germ  of  another  life,  that  shall  iie  like  unto  the  parent.  All  Ihisis 
-walehed,  aud  surely  oluserved ;  it  is  beautiful  to  behold,  and  of  most 
Xcneficeul  purpose,  for  witlioiit  it  all  vegetable  and  animal  life  woidd 
cease  uiion  tlie  earth.  But  the  ultimate  eeurat  who  can  find  out?  Why 
4he  pollen  should  be  requisite  to  fructification  ;  how  ■  it  should  have  tbe 
mpart  life,  man  has  never  found  out,  and  probably  will 
!  discover.  Wo  have  looked  up«n  tlie  renewed  venul  life  of  the 
ible  kingdom  with  sympathy,  and  In  that  sympathy  we  have  invested 
e  with  our  own  feoUngH,  and  she  has  seemed  to  us  aensient  (rf  joy.. 
I,  returning  to  ourselves,  an  aiihjeets  of  the  like  process,  we  behold 


the  fnilt  to  be  not  only  new  life,  but  In  its  c<c>nsei]ueiiaefi  to  lie  mnn'K  rliief 
e  for  all  his  happinoM ;  for  hence  spring,  tlie  comforts  and  reSiut- 
a  that  belong  to  tlie  fstmil;  ;  tlie  love  of  wife  and  diildren :  inteUe<r- 
tuul  culture,  developed  afFcctionH;  iind  the  ErntnitTg  of  humnnstmls.  Wo 
have  been  tliiw  led  by  a  pleasurable  instinct,  and  a  virtuous  obnlieDce,  to 
continue  our  race,  and  have  found  therein  our  best  welfare  and  bigheiA 
ex[«llenoe.    God  has  done  tliiH,  yet  has  kept  His  secret. 

But  science  will  ever  interrofrate  nature  ;  dops  so  boldly  but  not  btam- 
ably.  Slio  will  with  telcHcope  ceaselessly  sweep  the  benvans  ;  she  will 
with  AicroGCope  untiringly  explore  a  bcundleiu  life  that  everywhere  t«i>niB 
unstieuby  the  naked  eye;  itbe  ever  applies  h'iirohcinioal  tests  itnd  nuiUysva 
OS  keen  aa  the  sharpened  himian  iutulluct.  Her  researches  aro  well  re- 
warded ;  but  she  niay  not  kiiow  all.  Pur  often  it  happeni!,  that  "  Sveing 
ye  aliftll  tee.  aiul  shall  nut  pei-cuive."  'With  the  micnMcope  and  ecsditel 
the  Nourcea  of  life  are  explored,  and  science  announces  that  all  llf«,  in  tito 
higlier  orgauimtions,  oooios  and  is  maintained  by  the  blood  pruptiUcd  ttnm 
tho  heart.  Thence  came  the  parental  genns  that  have  met  and  rtairted 
the  embryonic  life ;  thence  luis  come  every  increment  tliat  had  given  Um 
body  growth  A'oni  the  gelntuious  germ  to  the  mature  man,  Yitu  havo 
tnMwd  the  jihysical  being  Itack  to  ncai'ly  it«  starting  point,  aiid  fouuil  ita 
component  paru  all  to  have  been  molecules  of  matter,  or  corpUM^los,  or 
coUb  in  the  blood.  These  the  phrsiDloi;iBt  declares  to  bo  the  phyEJeal  basiii 
of  life.  We  may  not  venture  to  deny  this  conclusion,  forhii  di»«eclionH 
and  magnified  sight  luive  revealed  what  lie  de»ciib*ii,  and  it  comports 
with  our  olnervntiona.  But  chemical  tests  can  but  Imperfeetly  vnrif^  his 
obsen-ations,  for  tliey  can  only  be  applied  to  matter  dead,  and  when  life 
has  ceased  to  resist  nature's  chcmiatry,  that  chcTUiatry  is  ijuii'k  to  dhna^ 
tlie  material  which  had  been  the  living  source  of  life's  supply.  The  aw. 
sistcd  eye  lias  seen  in  thiit  crimson  current,  says  Huxley,  "  imiumer*bb> 
multitudes  of  little,  circular,  discoidnl  IkmIIos,  or  corpuscles,  which  flout 
in  it  and  give  it  its  color,  (and)  a  comparatively  Bmall  number  of  coIntliMM 
corpuscles,  of  somewhat  larger  sixu  and  very  irregular  »hape."  nuxlt!f 
spenhs  of  these  as  marvclously  active,  changing  tlieir  form  with  grmt 
rapidity,  as  if  independent  organisms :  and  their  sulistnnco  he  rnlU  prr/tt- 
pLmiii.  These  he  caUx  the  units  of  the  human  bmly,  and  says :  "  ll*ta«t 
and  fowl,  roptilc  and  flsh,  molIiiHk,  worm  and  poly]),  are  all  composed  uf 
Btmctural  units  of  Uie  same  cliafActer,  nnniely.  maaMes  of  proIopLwm 
with  a  nucleus."  "  Thus  It  becomes  clear  tlial  nil  living  powers  arc  cog- 
nate, and  that  all  living  forms  are  ftindAnieuuilly  of  one  cJiar»ctwr." 
Thns  white  Darwin  would  make  nil  living  beings  related  by  dranont  tttmt 
u  common  parent.  Huxley  would  make  alt  to  tw  reloivd  a«  crealUMa  (if 
the  same  blood. 

Now  the  only  reliable  Imkir  for  such  conclusions  seems  to  be  the  mag- 
nilied  virion,  limitedly  applied,  revealing  siirilarity  of  looko  awl  ai-tivitivi. 
The  elemcuts  of  the  universal  protO|i1aHiii  are  slatetl  to  l>e  "CHrbon, 
hydrogen,  oxygen  and  nitrogen."    But  it  is  not  shown  or  said  tliut  tbew 
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tlio   like   proportiou  in  the    proUiplaam  of  different   creatures, 
■liidi  migbt  explaiu  much  of  the  tliQerence  tliera  is  in  Clieir  Etriictui'e. 
IS  if  the  proportion  of  oxygen  in  Uie  air  was  cunsidernlily  increasud,  all 
life  would  be  burnt  up  ;  and  iif  the  pi'oportioii  of  nitrogen  were  consider- 
ahly  increftsed  in  the  atmosphere  ire  brentlie,  all  life  would  be  extln- 
gutNhed.'   Without  much  mor«  obsei'ration  tliaii  appeal's  to  hare  been 
inee  cannot  iunst  upon  the  sweeping  gene  rail  Eiilion  Dr.  Huxley 
made,  tlist  all  living  creatures  are  cogitate.    His  facts  are  few,  and 
theory  deduced  runs  counter  to  the  common  observations  of  men. 
:eneM  in  the  looks  of  tbe  vhlte  ciirpusclea,  without  showing  of  what 
tj  consist,  or  actually  do,  is  not  proof  adequate  to  the  induction.'    The 
in  the  ovarium  of  living  creatures,  and  the  initiate  particle  that  vital- 
them,  may  appear  much  alike  under  the  microscope  ;  but  from  the 
I  of  one  comes  a  fish,  from  another  a  fowl,  from  auolhur  a  beast,  aud 
another  man.    It  is  inferable  that  from  the  germ  uiiwards  the  stiiic- 
of  these  creatures  have  had  vnrious  elements  and  in  dilfering  pro- 
lions.     Were  it  not  so,  creatures  so  diverse  in  form  and  nattire,  it 
ims  not  reasonable  to  believe,  could  Ik:  the  result.     This  objection  Hux- 
does  not  attempt  to  explain. 
A^uin,  tite  ililTerent  kitiiis  of  food  that  animals  live  upon  show  tliat  the 
.rishmcnt  that  foed»  their  life,   in  its  first  vitalized  stage,  u.llled  by 
[UKley  protoplasm,  must  vary  in  tlic  nature  and  proportious  of  its  ale- 
mtK.    Some  live  on  animal  food  Duty ;  others  upon  grasses  and  graiu 
a  upon  animal  food,  grain  and  vegetables.    Soaus  can  eat  with 
ipunity  things  poisonous  to  otliers.    Some,  too,  secrete  deadly  poison 
from  the  material  nitlun  them.    The  qualities  of  the  things  eaten  or 
drank  must  enter  into  the  circulation  and  grotvth,  and  these  miiRt  furnisli 
molecules  or  cells  of  .qualities  such  as  the  body  demands.     PortiouB  of 
food  are  lo  be  r^ect^d ;  first  without  entering  thp  circidatiou,  and  after- 
wards titrough  the  seci'etiag  glands.    The  breath  of  the  di-unkard  shows 
that  alcohol  hits  eutered  his  cii-culation  and  is  exhaled  from  his  lungs ;  it 
ahovrn  iTi  the  capillaries  of  his  face  ;  and  by  dissection,  it  is  perceived  in 
brain.    The  nursing  mother,  wlio  has  taken  medicine,  trausmits  a 
ilun  of  it  til  her  child,  by  the  milk  Hecreted  from  her  blood.    Many 
icines  areadministeredwitli  the  view  to  their  effect  through  the  blood- 
lulivtion.  Tliese  enter  tlie  vital  cun^ent  and  produiie  their  known  effects. 
The  cold-blooded  and  nai-m-blooded  animals,  the  edible  aud  poisonous, 
mot  be  taken  to  be  creatures  of  th-e  same  substance ;  and  though  they 
been  built  up  from  a  fluid  circulation,  it  cannot  I'easonably  b« 
srred  that  they  liave  been  composed  of  the  same  elements ;  and  if  not 
the  same  elements,  the  protoplastic  theory  to  unify  life  becomes  base- 
All  flesh  is  not  the  same  flesh." 
But  if  the   vitalized   ova  and  protoplasm  that  start  and  build  up  life 
were  homogemious,  or  approximately  so,  only  the  moi-e  wonderful  muat 
be  the  power  of  the  life  which  can  construct  creatures  of  the  diversity  WB 
behold  in  sea,  or  air,  or  upon  the  land,  from  the  sanie  elcmeuts.     From 
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wuntless  globules  lie  wort  is  done.    But  each  living  creature  is  to  i»- 

iiprotliice  it«  l!ke,  anil  is  ever  to  reproduce  only  ttiat :  Budi  in  its  missitm, 

md  it  unerringly  l^iMUs  that  uiiHsion.    liitli^r  tJie  life  does  Uub,  or  Ht 

Fthat  cavutad  the  life.     It  is  no  known  property  ofiniitlBr  to  produce  lift. 

I  And  the  more  the  elementary  maU'iinla  .ire  alike,  the  inafo  each  lifa  must 

(lore  it  must  rule  ovei-  the  iii!it«rialH  to  pitKluce  the  diitirnfitd 

KtesultK ;  and  the  less  the  niateilals  could  have  bad  matilvry  orei'  them. 

P'We  know  well  what  the  liTo  appears  to  do,  for  she  does  all  uuder  our  eye* 

Uid  within  us  ;  ytt  «he  dwells  herself  in  impenetrable  mystery.    Wlvt 

die  is,  and  how  ibe  taa  carry  ou  her  operations,  no  niau  may  fkilly  ktKnr. 

e  keonwl  in  serutiuy  are  ui>t  ns^'ej'd  aa  to  the  iinpurt  of  what  thry  tvti, 

1  Dr.  Unsley  has  not  explained  whence  the  oolorleMi  cor|»iy>.-<i.'H  Im 

tails  pii>U)phi8ra  are  derived ;  does  not  suy  wbutbcr  they  are  pmiii-K-s  of 

■ibod  or  chyle  in  transition  In  blood  oori>uBcles,  as  that  wliii'b  !«  mora 

Bidtalixed,  or  witetber  they  an.'  derived  from  the  latti^r ;  or  whether  ml 

liblood  coiitrlbiiUw  Ally  matenal  for  the  constraction  of  the  body,    tlie 

roponiun  of  the  eolurlesii  oorpueeli^s  to  the  red  is  1«kb  than  iluve  tu  mm 

niioaiiand  ^Ur.  Carpenter's  Physiology,  sec.  la).     To  make  tlie  fbw  cotor- 

le  corpuscles auffioe  rorlheeoiisummatioii  wiliieKsed,  iieeieaeauae  InXde- 

o  to  tile  results;  and  is  to  make  the  vastly  givater  niasi  of  red  blood 

f  itaeless  in  tbe  |ii'uoeEs,  except  it  be  iaen<ly  as  a  tide  to  hear  iUoiig  t]u)  vital 

corpuiteles  to  tbe  places  of  destined  use.    He  gives  no  reason  why  Ao 

•■  whiti.'  sliould  be  the  exclusive  niatvrial;  or  as  be  uoniparesil,  why  tlie«li^ 

or  brick,  with  which  the  house  is  to  be  built,  it  alone  to  lie  nsctl,  tliongb 

^  that  houao  is  to  cilutatu  also  all  other  ruquJHitos  taconiforl>:  tbe  (ilaautring^ 

ndows,  tioors,  fnruitnm  and  upholster;'.    It  nppcatti  tu  be  ail  as- 

mptioQ  reiiuiiing  proof,  that  the  t'ow  white  imrUckJi  ahino  coni.nbiUA  lo 

n  uuil  rei>air  the  difTorcntt  pariK,  tbe  bune,  muscle,  tvudoii,  lixsue,  vie;.* 

Isnd  contrary  to  difTcrout  endK  to  be  EUhservcd.  and  to  the  univeraul  «soa- 

V»iny  of  nature  tliat  does  nolhbig  usukiwiy.    These  did'erent  parts  iIuuuumI 

Vpui'ticlcH  of  like  nature  to  ciuih  reajwctively.     \Ke  know,  too.  th.it  tiia 

P^Hh  nkay  ho  clmnged  in  color  and  quality  by  the  material  fed,  as  ttio 

sellers  of  stnek  well  know ;  and  tldi4  scenid  proof  that  tlie  <:h;uieut«  Uutfe 

(nouriah  and  fatten  are  not  piotoplafhtically  the  same  In  sulmtance  or  color. 

Dr.  Cariiontcr  speaks  itf  tlie  red  uurpuKclcH  an  "  cspeuittlly  eoucemed  in 

^Iprepariiig  pabntam  for  tbe  nervous  and  nmscular  tissues,  the  former  of 

Birkich  is  distlnguiahed  by  tbti   pruacnce  of  pbuspburized   fats,  and  the 

latter  by  Iha  remarkablo  pi-edoiuuiaiioe  of  the  potash  saltx  ;  uini  tlds  view 

Iderives  further  contlrmation  trota  tlie  fact  that  a  tleah  diet  suuins  Ui  hara 

a  decided  effect  in  tlie  ronuation  of  red  corpuscles."    (Pliyaiology,  Sec. 

k  l(Ki.)    And  ho  devotes  some  |>aragT;tpbe  lo  •hon  tliat  the  colorU'ee  oor- 

KpuAoles  are  hut  another  staite  of  the  evobition  of  the  red  t^orpUMtlcs.  (Sm. 

■  ])iS,  etc.)     Again  he  sayH,  "Tbut  tlie  cui-puscles,  however,  Ifith  t«d  Utd 

■  eolurless,  niv  living  cell*,  and  that,  1  ike  other  colls,  they  puasuse  vital  ea- 
kdowmentM  jicculi'ir  to  tliotuoulvee,  U  not  now  iiueslioned  by  any  one," 

|(Ib.  Seo.  1».) 
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We  tire  to  go  deeper  tliaii  a  n-rtain  likoness  in  protnplaams,  to  uuder- 
sUuid  eo  mncb  of  lifu  as  wo  are  permitted  to  know.  Dr.  Huxley  in  hie 
article  entitled,  ''Yeast,''  diiiclaima  having  utid  anything  new  in  his  lecture 
upon  "  The  PliyBtcnl  Basis  of  Life."  He  is,  however,  reeponriUe  for 
what  he  adopts,  and  for  the  hreadth  and  length  of  his  deductions.  Pro- 
toplasm he  considers  the  bttsis  of  life,  and  that  it  is  a  physical  bn^ ;  and 
he  assigns  uo  othur  than  this  as  cause  of  life,  and  makes  the  life  but  a 
properly  of  tlie  protoplasm.  He  says:  '"If  tlie  properties  of  water  may 
be  properly  said  to  result  trora  the  nature  and  disposition  of  its  uompO- 
nent  molecules,  I  can  find  no  inli-lligihic  gi^uud  for  ref^tMng  to  say  tliat 
the  properties  of  protoplasm  result  troax.  the  nature  and  disposition  of  its 
molecules."  Nature  is  deemed  exuberant  of  one  aliment,  calleil  proto- 
pUsm.  thut  supports  all  tlie  life  of  the  world,  whether  received  by  the 
rorits  into  the  circulntion  of  the  ti'ees,  or  by  the  stomach  into  the  circu- 
laticois  of  animals;  "a  unity  of  power  or  faculty;  a  unit  of  form,  and 
a  unit  of  mbttantial  eomp<nition  ;  does  pervade  the  whole  living  world." 
He  uontiuuea,  ''All  the  multifarious  and  complicated  activities  of  man 
are  eomprehensihle  under  three  cate^iritss  ;  either  tliey  are  immediately 
diroctwi  towaiilis  tlie  maintenance  and  development  of  the  body,  or  tbey 
vthxt  tmnsitory  changes  in  tht  relative  positions  of  parts  of  the  body,  or 
tliejr  t«ud  towards  the  continuance  of  the  species.  Even  these  muiiifes- 
tstioiis  of  iut«llect,  of  feeliu);  and  of  will,  which  we  rightly  name  the 
higher  faculties,  are  not  excluded  from  tbo  classification."  "This  pi-o- 
toplasm  exhibits  the  phenomena  of  life."  These  estratla,  and  tlie  ilrift 
of  the  lecture  sbow  that  the  author  is  not  merely  showuig  what  is  the 
pbysicaJ  basis  of  life,  but  is  attempting  to  show  that  life  is  but  a  pruiwrty 
«f  matter  which  accounts  for  all  bodily  and  mental  activities.  Uo  makes 
life  a  priipcrty  of  protoplasm ;  and  protoplasm  a  thing  composed  of  uar- 
bnn,  hydrogen,  oxygen  and  nitrogen ;  as  vrat«r  is  a  tiling  composed  of 
hydro^n  and  oxygen  ;  and  that  as  "aquoaity"  cannot  be  said  to  exist  to 
"  produce  the  water  from  said  two  gases,  so  is  "  vitality  "  not  to  continue 
to  be  spoken  of  as  something  existing  i»  the  living  matter,  which  had  no 
nprusentalivB  in  the  non-living  matter  which  gave  rise  to  it.  But  the 
water  is  a  cluimicol  compound,  and  protoplasm  consists  of  parts  not 
chemically  nailed  i  but  united  by  that  thing  called  liie  tbitt  resists  cliemi- 
cnl  airtion ;  tiiat  has  properties  of  a  nature  other  than  cbemicnl,  auil  is  in 
att  nature  peculiar  and  discriminated.  We  see  that  he  would  thus  sink 
the  lile  into  protoplasm,  and  make  it  and  tlic  intGllect  but  a  property  of 
natter-    But  others  should  make  better  observation  and  induution. 

It  may  well  l>u  asserted  from  all  tliat  we  can  observe  and  know,  that 
matter  cannot  originate  life :  nor  life  matter.  Encb  logiually  demands  a 
Cleator.  Life  uaunot  originate  itself;  Lut  only  ooutinuo  the  previously 
created  life,  by  a  power  oonfen'ed  on  life  to  continue  life.  Dead  matter 
may  be  vitalized  and  thus  become  i)art  of  the  Uvuig  body  ;  but  the  life 
must  firet  lie,  to  appropriate  matter  for  its  uses,  to  vitalize  it,  and  to  build 
j^tke  living  body  and  to  continue  it  in  life.    In  all  time,  only  life  faaa 
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initiated  the  beings  of  the  gucceaglve  geiieralioua.  We  have  tnHj  to  eon- 
L  eider  all  we  know  to  he  assin'cd  uf  these  tniUia.  Ko  protopIaMn  could 
now  exist,  unless  life  had  produced  it.  ll  uevcr  has  been  cliemioolly  i>r 
otlierwise  than  by  life  pi'oduued,  t'xvept  usili-sl  unated.  It  ia  oulyfouiul 
in  the  vital  current  proilnced  from  deml  food.  The  immutliotc  oiaao  of 
it  there  must,  thei'efore,  be  the  praemling  vital  ptoveesett  endued  witli 
p.>wer  to  impart  life  to  dead  matter.  In  this  I'eault,  Dt.  Carpcntei  t-fii- 
Bidera  the  liver  and  spleen  perfoi'm  important  tieiTiue. 

The  intei'est  of  soience  and  truth  require  tliat  we  here  take  a  ytX  cSoncr 
view  of  life's  oriKiu  and  perpetuation.     Uur  love  of  truth  and  oar  rever- 
ence for  Ood  will  preaerve  us  iVom  every  unhallowed  thought.     No  obecr^ 
I   vation  or  philosophy  can  account  for  the  first  pair  of  each  living  iqvecie:!, 
k  otherwise  than  by  tlie  logic  tliat  all  that  we  behold  must  have  had  » 
I   trajiaceuding  ('reator.    Our  race  must  have  had  its  Adam  ami  Eve,  or 
I   first  parents,  uiigenerated.     Judging  from  all  that  obMirvatioQ.   aiiil 
B,  and  hislorj  can  teach  us,  eveiy  subsequent  being  has  had  its 
I    Incipient  germ  of  life  from  a  male  parent,  but  only  to  beiMime  anotJii^r  tife 
I    when  that  germ  has  met  the  prejuired  ovule  in  the  luolliorthat  ii>to«flrnrd 
I   the  oBspi'ing  its  nuurishment  and  gi'Owtli.     It  is  only  that  aeiuinal  g«rm 
k  tlmt  is  the  incipient  life,  that  first  unites  with  tlie  ovules  anil  oftDrwards 
1^  appropi'iatea  every  other  particle  of  matter  that  enters  into  the  life  of  tli* 
V  being.     How  nourished  from  tlie  mother,  wo  have  noticed.     In  due 
!■  time,  but  by  coarser  food,  tlie  man  and  LIio  womau  of  each  genemti'in 
re  built  up  to  their  matui'e  perfcutioii.    But  it  was  the  life,  begiuniiig  as 
speok,  that  began  aud  has  comiileted  tlie  struL-ture  by  emjJoying  the 
LsulNMTvient  molecular  uu>tt«r.    The  matter  of  itself  could  have  lAlteu  no 
I  step  in  the  process  ;  it  could  have  sent  not  a  cell  to  form  the  growing, 
I  living  struetui-e,  if  the  pre^xibtiug  hfe  had  uot  pi'epar«d  that  cell  trvm 
I  matter  diawu  by  the  life-prucesH  into  tlie  llfu-ourreut,  and  adenriinU 
I  placed  it  where  the  life-builder  I'eqaired  its  service.     Tliat  which  was 
L  dead  in  the  st«macli  took  life  in  the  bloud  ;  for  the  life-liluud  had  power 
t  to  impart  its  life  to  the  elements  it  needed  for  the  body's  growtli. 
It  is  true  now  OS  when  Hoses  gave  his  commandments,  "The  blmxl  la 
the  life ;  and  thou  mayest  not  cat  the  life  with  tlio  llesh." 

Dr.  Carpenter  says:  "After  the  <'hyle  and  Lymph  have  began  io  Uoir 

into  the  eiivulaling  current,  tlie  fontinued  generation  of  red  eoriiusctea  l» 

'   due  t«  the  progressive  metamorphosis  of  the  corpuscles  of  tliow»  liuida, 

'    ia  an  oi>inion  that  has  come  to  be  very  generally  I'veeived  by  phydolo- 

'  gists.**    (lb.  Sec.  10B.)     "L<ooldng,  again,  to  the  undoubted  vitality  of 

I  the  corpuscleR.  aud  to  the  strong  ground  fur  regarding  flbrin  olao  aa  mi 

1.  Iiistrameut  of  vital  force,  we  cannot  but  peicoivo  that  the  life  of  itw 

y  blood  is  as  legitimate  a  phrase,  and  ought  to  carry  as  mucli  uieaninif  fu 

lie  life  of  n  muscle,"  (lb.  Sec.  231.)  "Thus  then,  we  seem  JustUled 

iu  the  belief  that  the  Blood,  like  tlie  solid  tixsues,  has  a  foniiativo  power 

of  its  own,  which  it  exerts  in  the  appropriation  of  the  new  material  sup. 

I   plied  to  it  from  the  food."    (lb.  233.)    "There  Is  not,  in  fact,  a  more. 


remarkable  indicatiou  of  'the  Life  of  the  Blood,'  tlian  is  afforded  by" its 
«]cttiu>rdiiiiiry  powerof  self-recjjvery,  iifler  1iavi)i|r uiulcrgone tlie exoesaive 
jierverEion  which  is  cotLseiiuent  upon  tlie  introduction  of  the  more  poteut 
acymutic  poiuoiu ;  am)  every  philUEophit^l  physician  is  ready  to  admit 
-Chat,  in  this  cU  medieatriz  nalurm,  rather  tlisin  any  remedial  agency 
-^hich  it  is  in  his  power  to  apply,  bo  must  look  for  the  reKtumtion  of 
Mxin  patient.''  (lb.  8ec.  232.)  It  Is  the  Life  that  is  thus  potent  to  carry 
*.»n  her  work ;  to  repel  injury,  and  to  cui-o. 

Let  liny  one  look  back  upon  tlte  origin  of  life  aiid  Its  perpetuation,  and 
X>e  unist  any,  in  tlie  reti'ospect,  "Betwai'n  mo  and  the  Mrst  man  of  my 
~3rtu.'«  the  thread  of  life  has  never  been  broken.  I  am  morn  than  link  of  a 
.^:;haiti;  [  am  part  of  that  first  life,  never  yet  Bevei'ed.  As  Iiie  was  from 
^rod,  HO  b  mine  that  of  an  ancestry  of  oim  continuout  life.'"  At  the 
:5-Uacpti«n  of  eack  generation  tliat  has  preceded  each  of  us  through  many 
-CAousauds  of  years,  Life  was  but  an  inherited  siieck ;  but  that  sp«uk  nas 
^Jtut  of  the  next  preocding  life — comroiiwiDncd  to  seixe  upon  mutter  for 
^ts  growth,  in  manner  to  fulfill  tlio  design  of  the  Creator  of  Hie  ttrst  life, 
«KUd  no  other — and  bound  to  arrest  its  own  growth  when  that  design 
B^ould  be  filled  out ;  but  yet  continue  the  nurture  of  tbe  normal  being 
-■.intil  its  streu(;th  sliould  be  spent  by  its  Assigned  lapse  of  years,  orMOOner 
-Crmtuntion  by  disuoAe,  orcasualty.  If  it  has  left  offspring,  the  continuous 
]iui>  of  life  may  never  be  broken, — as  uertainly  it  will  not  liaro  been  as 
»«  any  Rurvivor«  of  the  ntce,  whoever  they  may  be ;  for  between  them  and 
-CliB  tirst  parent,  at  any  future  ag«,  their  genealogy,  their  life,  wOl  never 
IiAve  been  sevci'ed.  But  the  elemuntit  of  matter  that  have  composed  the 
bodies  of  tbe  couuttcss  ancestry  will  have  been  dissipated  ten  tJiousand 
tiities.  and  gone  the  nuuiy  repeated  rounds  of  life  and  death ;  yet  one 
continuous  line  of  life  has  eonnectcd  all  the  generations  by  a  continuity 
Tiioiie  complete  than  a  uliain  of  many  severed  but  interlocked  links — by  an 
actual  phytdcal  and  vital  portion  transmitted  from  every  parent  to  every 
child;  being  as  truly  one  continuous  life,  as  that  the  planted  willow  slip- 
CuiA'fcuiues  the  life  of  the  parent  tree. 

X>«t  not,  then,  the  materialist  persuade  ua  that  matter  has  done  all  tills 

by  anntter's  inherent  power.    The  oeaselesa  life  has  done  it,  compelling 

iiieiTt  ijoatter  to  obey  it ;  and  thus  will  it  use  matter  to  oai-ry  on  all  the 

life  (if  enrth,  while  the  world  lihall  last.     The  dead  matter  so  used  eould 

<rf  itwlf  exert  no  sucli  power ;  could  not  initiate  life  ;  oould  exercise  no 

cuTiDing  of  construction ;  but  only  life  can  continue,  carry  on,  and  per- 

petuaK  life ;  so  transmute  dead  matter  to  liviug,  and  make  it  pait  of  tliat 

tif«,  whose  stream  in  humanity  commenced  with  the  lirst  created  man, 

Mwl  will  only  end  with  the  last.     All  this  is  sure  induction  fcom  Ixiund- 

'■wrty  observed  (axSts  ;  aad  reterte*  tlte  Ihtorg  of  tha  maUriaiut.      And  all 

Htat  life  has  done  so  wonderfully  and  so  intelligently,  it  has  done  and 

*^'*V  dOH  without  a  nonscious  will  of  its  own,     It  must,  therefore,  do  it 

'f  Kwin  KOA  Power  that  is  above  it.  and  that  rules  the  life  ;  the  Power 

ll'llires  and  rules  the  instinct  of  the  animal ;  the  Power  that  gives  the 
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m'ind  of  man  and  also  rules  it,  except  ae  He  has  conferred  upon  it  fwe- 
^v^ll,  witliin  permitted  liiiiits. 

Tlie  author  of  the  e88.^y  on  the  Pliysical  Basis  of  Life,  carrioBhis  iirfnvr 
don  beyond  animate  life.    Ho  makes  matter  cnmte  of  life,  bhiI  he  pbce^ 
vugetable  life  on  the  same  basin  with  the  animnl.  and  inakos  llie  IUkO   J 
prntoplatim  the  source  of  both.     Both,  indeed,  have  their  circubtJons   W  B 
wliich  are oontaiuud  luatecial  elements  for  growth,  but  elementsnf  a qn-mABl 
dinbreiit  nature  aud  derivation.     The  animal  lives  on  organic  malic 
dead  matter  that  has  lutd  life  in  it ;  the  vegetable  derives  its  aap|>ii'  A 
from  inoi-gnnic  natter  tn  the  eurth  or  air.     This  leaves  us  juittljr  ti 
tliat  tUo  elements  of  growth  are  of  different  kinds ;  and  if  aa,  thM  Dm 
then  con  t>o  no  prot^idaatnickindn-d,  and  nothing  is  gained  by  the  tliea 
Tlie  liiud  in  the  tliistle  and  otb«r  plunts  have  a  oontnu^tility  that  5" 
movemeut  to  the  eirouliitiou  and  diftusea  tlie  luoleoules  or  (irotopla 
Tliat  shows  a  ditterent  impelling  forne  from  thn.t  of  the  bokrt  of 
animal :  and  mther  iudioates  a  wnut  of  identity  of  protoplaainie  n 
wh[ie  the  wants  of  the  two  urowths  deinaud  different  material. 
unimaVH  eireulation cauet»ntly  ivpeats  ita  ruuudjh  whilntbuphuit's]. 
de|>onda  upon  a  lungte  fluid  trnnamisMon  from  root  to  kKvf,  and  frrim  ._ 
to  root,  as  the  rteasona  chttnge.     Huxley  would  oonfound  tluf  two  e 
kingdoms  of  nature,  because  there  is  a  very  Hmited  agrei'nn<Ut  in 
appuar.uicvs  and  bcluiviornf  thelluid  auppty  of  both.    (Jciitmsting  pi 
witJi  tiie  lowest  fuiimaU,  h"  soya,  "it  may  well  bo  anked,  how  ie  oiw 
of  noti-nuoleated  pi'utoplasm  to  bo  distinguished  from  unotlierf 
«annne  '{ilant,'and  the  otbev  'ajiimar?'"    The  amtwer  ii:4nriilly  w 
be  liecauae  they  are  of  ditfereut  natures,  showing  timt  ibcir  j>roto(>T" 
•bonld  be  different  in  elements,  and  becauw  the  animal  lias  •.onwiinna 
plant  none  ;  aud  wsually  other  obvious  distinctions.     To  t-all  the  ml. 
of  vitnlized  fond  by  the  aawio  name,  without  proof  llist  its  vlemvnta 
the  same,  seems  to  be  a  Rummi\Ty  way  of  breaking  down  dUtinel 
between  the  different  kingdoms  of  l>eing<c  and  thing*  of  life. 

Continuing  our  attention  to  vcgetalilf  lift,  lot  us  judge  the  b 
Truit.     Tan  anylmdy  imagine  the  resin  of  the  evirgrecn  to  hw  Idinj" 
with  tlie  sap  of  deciduous  trees?  The  inllaminalile  turpeutini^  to  be  the  w 
lis  the  wniovy  anp  tliat  would  extinguish  tire  f  Can  the  oak  and  heml  J 
whose  bark  eontains  tannin,  have  the  same  base  an  the  sap  of  the  1 
maple  and  sngar  cane?    Can  the  tea  aud  poll'ee  ti-eea,  proiluclng  U 
crime  fKim  the  same  elemeuta  as  the  piilm  and  olive  trails?    The  gufC 
commerce,  the  v.aruiahes,  the  i«Bins ;  the  spices,  cluvos,  nutmogit; 
vegfetable  coloring  matters;  tobacco,  opium,  luubhish  ;  and  <^iuoblmia  - 
nil  ve^tahle  drugs ;  it  U  inipoasihie  to  believe  that  all  theae,  and  p). 
tliat  produce  doadiy  poiainia,  had  the  same  base  with  our  ftirinaoeoiu  P""^ 
and  edible  fruits.    Theory  that  attempts  to  destroy  tiietc  dlsdnetloti 
a  few  oliservatious  so  narrowly  based  as  that  in  question,  miwt  moet  * 
deserved  tnoredulity,  by  niankii»].    The  canon  of  kgitlnule  Inductit  ~ 
violated.    A  siroiltudu  of  molecules  presented  to  the  vision  by  the  ni 
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scope,  thai  tells  natbing  of  their  iiiLerent  properties  or  proportions,  can- 
uot  dctermlue  the  base  of  jilants  to  be  tlie  same,  whea  thoir  qualities  om 
niedidnes,  coloring  material,  or  nourishing  Tood,  or  poisouH,  ore  iiiQnitely 
rarip,[i  auii  tho  opposite  of  eacli  other. 

This  |)hj-sica]  ba^is  of  life  that  is  thus  cxteuded  so  bi'Oadly,  Hiucley,  in 
a  mt^nsure,  detlnes,  1)^  sajing,  "that  as  all  protoplysm  Is  pi-ot^iuaueoiu, 
(■r,  as  the  white,  or  alhumeu  of  nu  egg  is  one  of  the  commonest  examples 
ut  »  nearly  pure  proteine  matter,  we  may  saj  that  all  living  matter  is 
iHorf  or  rpM  albuminoid."  Well,  that  may  be,  if  suRiciont  latitude  be 
allowed  to  tlte  words  "more  iirleits,"  aiid  yet  all  be  ns  different  tu>  the 
things  above  euuniemteil,  with  many  other  tilings  of  contmjy  dciueats 
-  cotutitatin^  tiieir  "living  matUir,"  for  all  tliat  is  not  albumen  must  tlien 
be  something  else,  ruid  be  part  of  the  liviug  matter  that  came  with  the 
albunten,  or  protoplasm,  intotlieeompoEitioiiortlie  living  being  or  thing. 
And  this  lets  the  theory  tail  to  the  ground.  A  partial  siiuiliniile  will  not 
neceasarily  conAtitntu  identity.  The  theory  tIemunrU  loo  much  when  it 
Inquires  identity  of  element:!  of  growth  iu  plants  aud  animals  of  wliat- 
Wever  kin.!. 

The  plant  unseat icnt,  without  mind  or  will  of  its  own,  is  sHid,  by 
Imturttlists,  to  nlTect  ita  /uibilitt,  that  in,  to  choose  where  it  likes  to  gmw> 
7*l)iB  taut  means  ttiat  it  ftourlslies  where  circumstances  most  iavor  its 
i4£T0Wtb,  aud  does  not  elsewhere.  In  its  lite  inhere  wonderful  mystwries 
|UlBt  vrc  can  only  refer  to  something  above  it,  as  we  have  for  the  life  aud 
lustauct  of  animate  beings.  Its  Hbttds  are  boundlessly  strewu;  but  which 
fcliall  grow  and  tlourlsh,  will  depend  upon  titeir  relative  power  and  mast«iy 
Ekver  competing  plants.  Tliisuontcstaud  its  results  we  readily  understand. 
^ut  bow  the  libres  of  the  roots  have  their  gift  to  select  from  the  soil  only 
tliOtte  particles  of  nourinhment  which  suits  the  plnjit's  growth  ;  how  the 
l^lAntcan  couvcrt  dlt  into  llowere ;  bow  it  can  send  the  vital  current,  against 
fclie  law  of  gmvitntion,  to  the  topmost  lirBa«hes  of  the  oak  and  pine,  eur~ 
Emisacb  uur  compreliension.  We  say,  in  piu't  exptunation  of  the  latter, 
bliat  lb*  rcBiu  and  sap  iioss  npwai-ds  by  cnpillary  attraction,  as  we  «ea 
bvMor  rittc  a  limited  dijstimce  in  very  amall  tubes,  or  tlirough  a  sponge,  or 
htnong  the  haii-s  of  our  shaving  brusli.  Tliis,  in  part,  may  euiHc*>,  but 
blwrc  must  be  help  from  vital  action,  as  certainly  tlic re  seems  to  ho  where 
life  is  employed  ill  the  frosli  growth  of  aunual  plants,  and  the  new 
k>ranches  of  trees.  Tlio  vital  force  must  do  the  work,  as  when  tliat  is 
t^uiVAcent  nothing  is  done.  As  in  .ill  auimate  nature  wo  can  only  eoutinue 
bolookuponallvegetnblollfcosn  continuing,  insolublcmyHtory  ;butof  the 
fciighestbeucflci-'tice.  TreeRandp1ants,evertriie  to  thelife  and  duty  assigned 
fcltem,  will  furnish  to  man,  beatt,  fiah,  reptile,  bird  and  iuscot,  the  food 
Uiey  require ;  and  to  man  the  medicines,  gum^  dye-stuft's,  and  spices  he 
^raots  ;  and  also  tlio  blosaoms,  flowers,  and  scenery  he  loves  and  eiyoys 
Ssritb  oil  evur-retlning  enjoyment.  In  trutli,  directly  or  indirectly,  all  the 
^nlmAte  life  on  land,  or  in  air  or  sea,  is  supported  by  the  seemingly  self- 
iBitstttftiing  life  of  the  vogetahio  kingdom.  The  latter  is  created  that  the 
-Conner  may  live  ;  and  all,  that  human  aouls  may  trown  the  creation.  Yet 
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all  vegetable  life, 
know,  are  the 
tire  species,  kept  forevi 
And  as  uvi-'ry  sjiccieB 
elements  from  tlie  8uil  c 
bark,  leaf  and  liower,  s 
those  essential  to  its  ow 


all  animal,  now  eristing,  juclf^in^;  by  all  wb  we  w 
tlireuds  of  the  Qrst  ci-eated  life  of  their  Ktytv- 
iiubroken  and  uneDtau);l(Kl. 
II  vegetation   Belects  aud  assimi1itt<»  iliflcivni 
air,  and  fur  dUt'ereut  parte  of  iUelf,  as  wood, 
docs  ■every  diSureiit  Bpucies  of  animal  seUrt 
well  being,  and  to  complete  the  creatwreth** 
the  life  is  busy  in  constructing,  Hud  it  douit  constract,  but  that  the  |i*rciit 
was.     These  ends  demaud  dilTel'iiig   eluuients ;  and  however  ttenuii|(4   I 
aliku  their  protoplasm  und  blood,  those  unit  whatever  else  is  tributary  U 
the  varied  growth  and  differiug  developments,  muiit  Ire  equally  diRArvs^  . 
It  IB  vain  for  seiewie  to  s»y  to  tlic  eomiuun  sense  of  iiiaukiiid  that  the  i^w<^ 
that  compose  the  bone  mid  cartilnges,  tendon  nnd  muscle,  the  liisBuc,  »^i"- 
liAir,  all  opaque,  and  transparent  eye,  are  identical  in  matorial,  inura  £.lwa_ 
iu  shape  Of  function,  or  fi-uit.    The  sight,  tlie  tests  uf  ohcniistry,  < 
mercinl  scrutiny  and  soientitlc  clasaiflcatlon,  Hliki;  contisdlet  tlw  th^ 
And  tell  uit  itcunnot  tie  true  tlint  the  protopliism  or  bluuil  of  Huimal 
vegetable,  and  every  kind  of  each,  can  be  the  same.    The  yoimg  e 
mammalia  driuk  milk  drawn  from  tlie  mother  :  and  the  milk  of  thr 
ferent  kinds  may  look  ninch  alike,  yet  not  he  identical,  and  not  nltk* 
suitable  to  noui-ish  the  young  of  all.     We  may  take  leave  lo  tvgsitl    J      ^_ 
a  mytli  that  Homnlus  was  suckled  byawolf;  but  will  impll'^ldf  tAlicn 
that  neither  "do  men  gatlier  gi'apes  of  thOiiu^  Or  Hg«  of  tlliMlIe*.*' 

It  is  of  necessity  that  all  animals  and  vegetables  that  have  a  vital  riivD- 
lation  must  take  then-  food  into  their  cii'culalloiis  in  llniit  fiirm,  tlit&t  It 
may  thereby  traverKe  the  body,  and  in  sufflcicnt  miniitvnru  'Upiil^  it* 
wants  of  growth  and  repair  whttre  neutU'd.  The  sloinach  of  i]i«  ai»l»i"l 
elaboi-atcB  the  solid  into  lluid ;  the  i-uote  of  tlie  vrgclublo  lake  u|*  U** 
material  it  want*,  assisted  by  the  rains  and  watur  that  ({ivtix  tlie  reilt'i'* 
transpoittng  tluidity.  But  that  each  piyiw^H  Hinds  tutu  the  c 
the  same  elemente  for  animal  and  tree,  there  is  not  fitniiithed  Uie  b 
ning  of  any  proof,  while  the  ditfei'eut  iiatureii  of  tlie  gn>wt]i  indicate  V« 
suiV'ly  that  their  wants  ai'U  not  the  Kime,  that  their  supptius 
as  their  pnidui-.ts  are  intinltely  diverse.  It  wiwt,  thcrefmr.  Ua  n 
iug  ti>  maintain  the  theory  ''  thut  all  liviii);  p"wi'i-»  aw  iw^iiiate.  aoii  1 
all  livius  formit  are  l^lndalneutnlly  of  one  ohnnivtur."  Thi-iii 
vegetable  kinjidom  and  an  animal  kingik'in,  anil  thww  inrliilUily  din 
fled.     "  There  in  one  deslt  of  man,  and  anuiJiur  of  Uiastn." 

Seems  it  tedious  aiid  uuileoosHitry  tlius  totiavetRivelcdovorthoicreaB^ 
of  this  thoory  in  so  much  dutAil  ?    The  c  mdusiou  to  wlii<-h  it  U  o 
eliows  how  impoitaut  it  ia  t«  liav«  carefully  iimwiiloreJ  vwtj  fmiB 
■tana  of  tlie  supenti'ucturo.    It  concenis  man  the  must  deeply  uf  nD  ii*> 
tiona  to  know  what  lie  is  mid  wliat  hv  i»  to  Ui.    That  smdi  quMtioKB  I 
involved,  is  sliown  by  the  conclusion  at  which  the  tln'orist  luu  arriwl- 
his  own  eKtimatimi  ho  hiv  proved  the  protuplium  uf  thu  ve^tabk  ' 
utlmul,  aninud  including  man.  to  be  lliu  siuuc.    11iu»  PxuCsMor  I* 


ifT-l  "''-'  irnpB. 

"  As  I  Imve  enilenvorcil  to  prove  to  you.  tlioir  protoplasni  U  cssen- 

tiallji  hlentica]  with,  iiuil  moat  rapitUy  converted  into,  that  of  any  aiiiinal, 

tndiKOver  no  lo(;ical  liiUting  plane  between  Uie  admistiioQ  lliat  such 

U  tbe  case,  and  tlie  Tui-tlier  conccBslon  tltat  all  uital  action  may,  witli 

il  pruimety,  be  said  to  be  tlie  result  or  tliti  moleeulfir  foit'es  of  (Ad 

fnteflaim  wliinU  diflplaya  it :    And  if  so,  it  muBt  be  true,  in  tbe  sftme 

same  extent,  thtit  tha  thmighU  to  wkieh  I  am  noie  gMttff 

DtUni^rf,  and  i/ourtlio'islil>regarflififflht7ri,  are  Ihttxpremian  of  mol^inilar 

oUn^fn  t!iat  matter  of  life  vhifh  it  the  novree  of  our  other  vital  phenom- 

Jiw."    Is  thei«  Anything  of  uncertain  sound  in  tbls?    He  expecU  from 

ttOieoutflryof  "groBs  and  brutal  materialism  ;"  and  then  confesses  that 

111  undouhtedig  the  term*  of  tite  preponition  are  dittinetly  miiterialittie." 

Tb«t  more  he  next  says,  I  will  show  hereafter. 

Uns  the  logical  climax  of  the  theory,  the  eapstone  of  the  edifice,  xp- 

ntolw  that  the  thoughts  and  mind  of  man,  being  derived  frmn  the 

W  protophunnic  source  as  the  lower  auiniiiU  and  the  plant,  and  the 

tkfn»l  orgauizntion  l>eing  (hence  built  up,  it  is  consequently  to  follow, 

'it when  tlie  life  of  this  body  sliall  be  dead,  there  will  be  no  iniud.  nu 

al,  to  enrvivo  ;  that  it  can  only  with  truth  then  bo  said,  "the  bubble  of 

Uhlui  burst  f     Buch  would  he  the  natural  ooiiclusiou  of  mankind  from 

ApnmiiseB.     And  if  such  be  the  import  of  human  life,  what  then  is  the 

nnh  of  creation  !   Slust  tlie  dignity  of  man.  andtheglory  of  tUetiniverse, 

ll  the  exulting-  faith  of  the  immortality  of  the  soul  be  thus  cast  down, 

Bdihoni  ofUielr  grsiidenr,  and  of  their  logical  signiGcance,  because  th« 

VRkn  of  the  Almighty  show  soma  faint  resemblances  in  the  early  pi-o- 

M  (if  life?  That  because  lie  makes  matter  subservient  to  life,  and  life 

'btbe  mind  or  soul,  that,  tbeivfore,  allmust  be  mutter,  and  all  but  matter? 

11  well  be  the  logic  of  creation,  as  only  niiw  found  out  by  vei'y  limitt.'d 

npUmtlons  of  the  microscope,  it  would  seem  to  lie  wise  in  us  to  wait  » 

ftnuuidfold  further   appliciitious  of   that  iDstrument  to   the  invisible 

<inient8  of  life ;  and  not  the  while  refuse  to  use  nur  eyes  and  tlie  telescope 

M  to  what  they  can  see,  and  also  to  use  our  understanding  and  it«  logic 

M  to  what  they  can  clearly  know,  before  we  surrender  our  faith  in  all 

ttut  biimaiuiy,  in  its  beat  conditions  tliroug;h  the  centuries  of  time,  boa 

*>k«i  to  be  tlie  import  of  our  being  and  tlie  meaning  of  the  univcmo. 

Bappily,  however,  for  our  relief,  so  far  ae  his  authority  will  avail.  Dr. 

IS  the  admission  that,  while  he  is  logically  carried  to  a  ma- 

leluidon  by  his  philosophy,  he  is,  in  truth,  no  materialist,  and 

Alization  would  "paralyze the  energies  and  detitroy  the  beauty 

~e  has  perceived  within  himself  a  nobler  sonxe  of  the  impoi-t  of 

[,  thatarmsU  hU  individual  conclur^ion.  and  deflects  his  logic,  so 

y  RN«rt4id,  into  an  opposite  direotion.     That  is  well,  and  some 

it  may  we  take  his  mere  opinion  vm  ailpiinnte  counterpoise  to 

*  has  Bdvocnied  with  elaborate  detail  and  apparent  earnestness 

f  «ln»ii!lion  ?     Those  who  love  skepticism  will  contiuue  V>  abide  by  hi» 

'■'Wily,  which  he  has  not  himself  controverted. 
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Iit  one  htiir  pnragraph  he  couTohmb  to  a  contradiction — to  two  oppw 
coiicliiHiona ;  tliat  the  ilieory  he  hasi  anuounovil  a«  logically  trae,  he  li 
self  (liies  not  lieHevc  !  Thus  he  naye  :  ''And,  moat  unilonlitMlf,  ttn 
t«rms  of  the  iiropuHitiunH  are  diBtinctly  m&t«rialiatic.  Nevcrthl^IlSi^  Itv 
tlungH  are  certain :  the  one,  thut  I  hold  the  atati-nicuta  tij  b«si 
ti-ue  ;  tlie  other,  tliat  I,  iiidividuuU;.  itm  no  mitteriolist,  Irat.  onQwMe- 
tnu'y,  believe  ninttirlntiain  to  involve  gtaw  phUusophical  « 
Huxley  has  not  snid  this  to  acoununodAtc  Itimsrlf  to  i)i 
opinion  of  men.  He  who  take«  ncca*lon  fVe-iuonlly  tii  mrounUr  lal 
brave  thiit  opinion  uunnot  thua  liave  inainourcly  oiinfurnicd  to  it. 
obvionsly  i^M  candid  nnd  too  brave  for  tlnit.  lit  Mi'nii  in  all  hi*  conAirt 
to  follow  whiit  he  takes  to  be  tlie  trulli.  rtmrlw*  ot  oojuce.iuuu«a.  ftil 
what,  then,  mnst  be  our  judgment  of  hlni?  Can  it  be  otiicr  tW  tlw: 
tliut  he  is  pOBseiised  of  a  tracr  logic,  lisBed  upon  viutly  ntore  fact*  Ik 
the  few  embraced  in  bis  protupIiuliL'  thcury ;  nnd  tb»t  hi*  individio] t^ 
liof,  for  whicb  Iw  luu  nut  given  ne  thu  grounda,  iitmtiuus  Ihi;  Hctiul  XaHOt 

aiid  that,  conwquontiy,  we  liave  nuxlcy"«  aiitlioril>   i tinli   -  ■■"- 

phnliettllyllustt'y'E  theory,  built  npou  "(he  Pliysiial  ! 
w)io  will  answer  for  his  insincerity  to  the  trutli  of  s^  ;i  . 
sequoui^eB  of  tJie  iiiOdBlity  he  haH  prcaehi'd  in  liix  »<  • 
to  conduct  liis  hearcis  out  of  tlio  slotigh,  into  wliicU  '" 
plunged  thi'ia,  und  meant  to  plunge  them  ;  but  -wv  nuu  wii  u>  U 
the  discDurac  in  tbo  vnin  I'Xpoctation  of  linding  tlm  stfpi4ng-«(ii 
would  conduct  us  out  of  the  plough  to  the  (Inu  Uud.  Docs  be  m 
tritle  witb  his  own  and  the  undcrstandingB  of  men?  Ris  pldtoMtpliW 
speculation  is  one  thing  ;  Itis  individunl  opinion  10  anotlier.  I 
no  niitigntedniatcnaliHni  tliat  represi.>ntiihlBownt.-ouiiatiuu.  TliaiwHA 
be  luts  explnined  makes  his  uttered  thouglitfi  bnt  motlrr;  fortluM^t' 
says,  "are  tbo  molecular  changes  of  that  matf-'r  of  lift  whieb  h  tl 
source  of  onr  other  vital  phenomena."  And  tins  is  bis  hopnAil  andvri 
Meut  uaB«rtion  :  "And  as  surtly  as  i^very  future  growsout  of  pW  >» 
present,  so  will  tlie  physiology  of  the  future  oxtcnd  tlic  rvoilm  of  mM 
and  luw,  uj^il  it  Is  co-vxtcnHivo  witli  knowledge,  with  fevUu^  ui  «U 
action."  Thus  the  scitnue  of  the  pbysiual  baniii  of  Efu  is  ta»btert)B>' 
ni(-ntal  and  emotional,  and  make  all  one,  all  physical ; — nil  t4: 
physical  basis  and  a  physical  consummation.  And  yut.  again,  ht  f*"' 
fesses  to  two  hopeful  beliefs,  but  flagrantly  at  vnrtancH  with  Ut  {X 
sion  for  physiology  :  ''The  Arat,  that  the  order  of  natui'e  is  aacetUbn'''* 
by  our  faculties  to  an  extent  which  in  practically  unllroitvd  ;  the  MconA 
tlmt  our  volition  counts  for  something  as  a  condition  of  the  connN 
events."  Yet  neither  of  these  could,  logically,  be  a  true  bvljrf,  if  u 
be  but  the  product  of  matter  and  law,  and  these  be  taken  as  sole  sc 
of  bis  knowledge,  feeling,  and  action ;  fur  all  would  yet  bo  btaliws  *> 
well  as  paralysing  materialism.  Indeed,  there  could  Iw  nii  thought,  If  *^ 
were  matter.  Mere  changes  of  molecular  nuitt«r  could  not  be  nieantti^ 
expandourknowledge,  or  rule  tliu  course  of  human  events.  Whatwonl^  , 
it  Im  to  the  world  iinJ  it»  event",  tliiit  tliL-  m-itcrial  of  my  brain  l»"l «"- 


^Tgoae  molecular  change?  TLoughts  ai-e  not  materinl  growtlia ;  are  not 
bnds  or  spi-oiits ;  are  not  protitborauues  «r  induDtatiDnii,  or  eiigra%'ed 
lines ;  or  secretions  oi*  excretions  of  mutter,  (n-  tlic  sliiftiog  of  auy  mo- 
lecular living  pai-ticlcH,  by  any  testimony  ever  piusented  to  tlio  liuiu«n 
niind.  Men  cannot  conceiya  tliat  matter  can  bo  tliought,  or  tliougLt 
matter ;  aud  all  its  phoiiomena  declare  it  uiilike  ull  else  in  created  nature. 
And  wittiont  elemaiit  of  matter.  The  mind  uf  man  has,  indeed,  a  like- 
uess  unto  Cod. 

Dr.  Huxley  says,  "the  fundamental  doctrines  of  materialism,  like 
those  of  spiritualism,  and  most  other  'i»m«,'  lie  outside  the  limits  of 
pbilosopblcal  inquii^  ;"  says,  "  it  is  also  in  strictness  true^  that  we  know 
nothiug  about  the  composition  of  any  body  whatover  as  it  in."  But  is 
not  nil  knowledge  within  the  limits  of  pliilofopliical  iii(]uiry?  Anil, 
tliough  w«  oauuot  know  liow  matter,  or  lifs,  or  mind  can  be,  or  what  in 
Bissence  thvy  are,  yet  wc  i<crtaiii]y  can  antt  do  know  much  uf  the  pi'op- 
Ez^ioft  and  actions  of  vHch  and  aU  of  them,  aud  of  thuii-  diifei«uceB  from 
r£«fh  other.  We  must  not  become  bo  far  posjtivists  n«  to  refuse  to  know 
irll  that  is  knowable ;  and  especially  may  w-o  not  ignore  the  human  mind. 
'"fc  is  oar  duty  to  search  after  all  atbiinable  truths,  and  whim  wo  have 
i«:>[ne  to  the  limit  of  our  fhcuHJes,  there  reverently  to  pause,  in  the  pres- 
'»ioe  of  an  iutiuity  of  knowledge  known  only  to  t!od.  To  seek  knowledge 
kx:ily  of  things  physical,  and  things  of  Ufa,  and  there  to  set  the  limit  of 
K^^iry,  seems  but  tlie  prudery  of  scientiflc  caution,  that  can  win  no 
i^r-edit  fop  wlfidora,  nor  incivase  our  trust  in  tliu  autliurity  of  the  teacher. 
In  this  discourse  wo  have  assumed  that,  in  its  origin,  life  htid  a  Creator, 
■k^Niti  ttu<  logic  tluLt  such  effect  must  have  sji  adti[uate  uid  n  far-traiis- 
(^^nding  ouusu.  As  niattei'  and  life  logicall^r  demanded  a  t'reator  of  each, 
ksid  neither  produced  tlie  other,  so  doi-s  the  mind  or  soul,  by  even  higher 
t^aim,  logically  dirmaud  a  Heavenly  Father.  Its  nature  is  too  dis- 
i&nguiBliablc  and  transcending  to  be  confounded  with  matter  or  life.  Life 
kutMiiijiates  matter,  mind  dominates  them  both,  and  Qod  tbem  all.  The 
^oul  aflsorts  a  highur  tlian  a  generated  parentage,  and  a  largo  immunity 
r^m  the  mutations  of  matter.  Matter  ever  slides  finim  unfler  mind,  but 
%3  integrity  is  untouched.  The  matter  that  has  sustained  the  life  of  one 
Kjt  old  as  the  writer,  has  wholly  passed  away  from  Ilia  iMidy  more  tlinn 
L^n  times ;  and  tlie  mure  rapidly  changing  parts  have  been  elimiuuted  with 
^*stly  greater  frequency.  Yet  the  muid  In  this  body  has  a  mpmoiy  of 
^^ouscicnis  identity  from  the  year  next  before  the  first  of  the  current  ccn- 
torjr.  Such  iiuperisluible  mind  can  have  no  element  of  ever-shifting  mat- 
ter in  it ;  and  must  be  a  being  of  dificreut  origin  and  nature,  both  from 
tlie  material  of  this  iKxIy  and  the  life  of  this  body.  That  material  is 
fever  obaugiug,  and  is  often  renewed,  until  the  body's  death  ;  and  when 
fcbe  Ufe  tliat  maintained  the  organisation  sliall  have  succumbed,  and  have 
C^esiwd  to  exist,  except  as  it  has  been  continued  in  a  hving  progeny,  we 
Snstlf  infer  that  the  mind,  or  soul  will  outlive  the  oi-giinlzation  and  the 
I  and  will  return  to  its  Giver,  to  share  His  pleasure,  or  meet  His- 
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condemnntion,  as  deserving.  Ttiis  is  inferred  from  whnt  we  know  oT  tha 
nature  of  uiind,  and  the  induttion  tliat  creation  ntuBt  Imve  an  HdcgiuUe 
significunce.  Tlic  great  truthR  of  Scrijiture  lire  iudnctivcly  Tcattested  bf, 
the  trutUB  of  pliilosophj'. 

ThuH,  then,  stands  the  phenomenon  of  our  beiiif;.  Tlis  nuitter  dial 
enters  the  body  maybe,  in  itself,  for  all -we  know,  iiuperishablv,  but  is 
tiiiidf  transient  in  each  liviug  body ;  remains  thore  tmtil  cflct«,  Uid  if 
tUea  diemisited  by  the  vital  proceiw  ;  or  at  death  paMCt  into  rxpot  and 
ashes,  and  eiitcrK  the  further  rounds  of  chemical  obimge  utd  regetaMs 
and  animal  growths.  The  organized  being  of  one  generation  of  thft  lift 
«f  un  unbroken  continuity  fVoiti  the  flrnt  {laronts  )uu  ivmie  to  mi  end,, 
except  as  continued  byoITspring;  but  the  individunl,  ungenemtcd,  im< 
materinl  mhid,  that  ■tta»  neither  the  matter  nor  lifb  uf  the  body,  lives  OD 
forever. 

We  have  ae'en  tlie  life  assert  a.  dominating  power  over  all  the  nwtarial 
tliat  Las  built  up  the  oi'^'auised  body.    Tliis  life  process  is  esHMitinlly 
indet>endent  of  the  mental  will.    During  gestation  this  is  plainly 
and  is  so  through  life,  except  as  the  mind  hfts  power  to  rcfti!«e  l«  cuttform 
to  the  laws  of  liealtli,  and  may  mar  Ufo's  heidthful  fUuulion*  and 
tion,  even  to  the  perpetration   nf  suicide.     The  circululJon,   dige«tioo, 
Bssimlktion,  and  eliminations  go  ou  in  health  Hlinost  without  our  ra 
scionanesa ;  but  we  are  compelled  at  intervals,  by  hunger  aiw)  Ihlnt, 
keep  np  Uie  needed  supply  of  food  and  drink.    The  brain  and  u*rvoui 
system  ore  also  thua  nourished,  aii  the  rest  of  the  tiody.— thougli  it  la 
system  especially  subjevtMl  to  tlio  iiutant  dominion  uf  the  iiiiud  or  wilL 
The  inaterial  brain  and  norvcB  &re  not  the  mind,  nor  do  tliey  produoe 
but  are  servants  of  the  mind.     Mind  is  otlier  Thau  tbe  brain  and  iierreai 
and  is  ntiier  than  tbe  life :  and  it  alone  eon  nile,  and  muBt  give  bcoov 
of  itaeir,— the  body,  and  the  life.    The  vegetable  carries  en  all  iu  gH 
life-prooesses,  without  seniMtion  and  without  mind.     The  animnl  lirU 
roiin  does  the  same,  except  as  It  has  a  limited  iiieutal  devolopniral  th 
we  call  instinct;  baa  alfo,  limitetUy.  brain  and  nerves,  and  scmhss;  «]| 
wonderful  tltnets  for  its  pteserratiou,  nhiuli  wu  may  not  now  jmuw 
consider.     The  life  of  plant  oranim;U  will  grow  to  itsasaigned  limit; 
cure  its  o%vn  wounds,  and   reproduce   its  kind  ;  hut   is  other  tUato  01 
inHtinct  of  the  animal,  yet  more  remote  from  the  mind  of  man  :  it  aloai 
of  all  beings,  has  moval  responsibility. 

Among  the  hundred  oi'  tbonitatiil  t 
explanation  can  be  iu  Deity  alone,  aiul 
power,  is  the  fact  that  every  kind  of  n 
duty,  and  can  perform  no  other.  Tliei 
prevent  confusion.  The  nerve  of  sen 
impart  no  mandate  fiinu  tli 
-will  give  buck  DO  sensatio 

muscle,  but  neither  can  do  tlie  appointed  work  of  the  otlicj-.    Th»  mi 
■of  sight,  hearing,  taste,  and  small,  oau  neither  of  them  perfiir 


onders  of  the  life.  whoM  earn 
>ver  which  mind  IiojI  no  formati' 
^rvD  has  bnm  fitted  for  its  fpccl 
(I  iH,  in  tljis,  admii-nble  ilndxu  M 
erve  of  sense  u:ui  give  sunsHtiun  to,  Imt 
e  miiKl.  Tlie  nerves  that  execute  e^miw 
n.    One  of  each  is  attached  t<>  each 
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tion  of  any  other.     The  bi-ain,  the  comiiionly  sup^Kised  seat  of  all  feeling, 
has  in  itself  no  feeling.     Sir  Charles  IJell  says  :  **The  brain  is  as  insensi- 
ble as  the  leather  of  our  shoo  ;  that  the  brain  may  1>6  touched,  or  a  por- 
tion of  it  cut  oil*,  without  interrupting  the  patient  in  the  sentence  he  is 
uttering."    The  brain  and  the  sensitively  perceiving  mind  must,  thei*efore, 
be  different.     The  one  is  cut  away  ;  the  other  suil'ers  thereby  no  interrup- 
tion of  thought  or  its  expression.     One  feels  ;  the  other  does  not.     One 
commands  ;  the  other  obeys.     The  muscle  is  moved  by  the  will  and  exerts 
great  power,  but  tlinmgh  a  bniin  and  a  nerve  without  muscle,  or  physi- 
c;il  power,  so  far  as  is  seen.     Apparently  an  immaterial  mind  says  to 
every  muscle,  do  this ;  and  it  doeth  it,  but  by  the  word  of  command. 
Truly,  the  body,  life  and  mind,  each,  is  very  wonderful,  and  most  won- 
derful is  their  combination  ;  a  combination  of  dissimilar  things,  made  to 
act  in  antagonism,  and  yet  bound  to  act  in  hannony,  for  the  welfare  of 
all.     Awake,  the  mind  is  to  regidate  all  for  the  common  good,  yet  may 
not,  withi»ut  injury,  nmch  interfere  with  the  life-process  of  the  bo<lily 
organization.     Asleep,  the  physical  reacts,  taking  a  limited  advantage  of 
the  miwatchful  mind  that  has  let  drop  the  rein  of  discipline.     The  mind, 
in  the  semi-consciousness  of  dreams,  i*ange8  through  bright  scenes  and 
beautiful  images,  if  all  be  well  with  mind  and  body  ;  but  if  either  be  un- 
liappy  or  disordered,  a  dark  change  c^mes  over  the  happy  dream,  and 
then  threatened  dangers  and  startling  incidents  awake  the  mind  to  resume 
its  discipline;  happy  then  to  find  its  troublous  adventures  **  but  a  dream." 
Yet,  in  the  sleeping  and  waking  experience,  the  mind  and  Ixxly  have 
acted  and  reacted,  both  as  united,  and  often  as  opposing  jniwers. 

Tlie  materialist  sometimes  ventures  even  to  liken  life  to  a  process  of 
crystallization  or  chemistry,  or  mechanism,  and  mind  as  well.  Crystal- 
lization follows  one  law,  and,  the  world  over,  does  one  thing,  and  forms  its 
ci*ystahi  and  gems  of  each  kind  on  the  same  angle  ;  her  ultimate  particles 
of  the  same  kind  being  of  the  same  shape,  and  obeying  one  law  of  attrac- 
tion. Tlie  chemical  affinities  act  under  laws  as  certain,  and  under  the 
same  cireiimstances  act  always  in  the  same  way.  Living  things  are  more 
complicate  ;  and  the  process  of  growth  is  carried  on  by  an  apparent  choice 
as  to  the  selection  of  material  and  in  the  deposit  of  different  particles,  for 
the  growth  of  the  st^veral  parts,  differently  from  crystallization  and  chem- 
istry.  Life  is  not  molecular,  or  magnetic,  or  chemical  attraction  ;  but  is 
a  vital  proi^ess  that  employs  various  materials ;  utilizes  them,  and  dis- 
poses of  them  differently  to  pertect  the  common  economy.  It  employs,  it 
is  true,  chemical  processes  in  breathing,  etc. :  and  in  the  heart,  eye  and  ear, 
and  in  the  action  of  the  muscles,  mechanical  structures  and  ]K>wer8 ;  but 
all  is  moved  by  and  indei)endent  upon  the  life  that  has  made  from  matter 
living  molecules,  and  with  them  (constructed  the  creature.  But  all  this, 
though  subservient  to,  gives  no  explanation  of,  the  mind  :  shows  no  kin- 
dred to  it ;  gives  no  infonnation  why  we  have  consciousness,  how  we  can 
feel  and  think.  No  proof  is  offered,  nor  can,  it  is  believed,  l>e  adduced, 
to  show  that  the  mental  action  consists  in  but  physical  changes.     The 
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bmiii,  as  the  arm,  may  show  weariness  when  overtasked  by  the  nihid; 
may  suffer  waste  of  material,  ut*  phosphorus,  if  you  pleam;;  but  that  will 
not  prove  mind  to  be  brain,  or  brain  mind. 

The  all-transcending  imjiortance  of  this  subject  demands  our  yet  further 
pjitient  considoi-ation.  On  the  discrimination  of  the  mind  of  man  from 
the  bcxly  and  from  the  life,  dei)onds  our  truthful  apprehension  of  the 
great  problem  of  what  we  are,  and  what  we  are  intended  to  be, — the  most 
important  considenition  that  can  occui)y  the  human  mind.  Can  we,  as 
rational  Innings,  live  over  threcscoi-e  years  and  ten,  or  more,  and  not  de- 
vote much  of  our  time  to  reflect  upon  this  subject,  the  highest  of  philoso- 
phical studies  ?  This  is  not  an  **  ism''  lying  outside  philosophical  inquiry. 
Xo  religion  can  begin  her  task,  no  philosophy  win  consummate  her  ntudy, 
that  has  not  i)ersistently  dwelt  upon  it  and  made  it  the  theme  of  habitual 
thought.  It  is  the  necessary  climax  of  all  the  study  that  can  give  us  tlie 
solution  of  the  problem  of  the  universe.  In  this  age  of  materialistic  skep- 
ticism, that  i-cspects  no  time-honored  opinions,  or  sacred  traditionn,  we 
must  begin  where  the  phy>icists  begin,  but  may  not  8ti>p  where  they  are 
wont  to  stop  ;  may  not  refuse  t»)  know  the  ultimate  significance  of  all 
ci-eated  things  and  beings,  body  and  soul,  as  they  are  constantly  presented 
before  oiu'  senses,  and  demand  interpretation  from  our  reasoning  intellect. 
We  may  not  fail  to  examine  and  c«»nsider  all  the  tnie  facts  that  the  natu- 
ralist and  physicist  make  th«^  basis  of  their  theories,  nor  all  other  facts 
that  nnist  be  taken  into  view,  for  a  true  solution  of  the  prablem.  No  a 
priori  assumptions  may  bo  admitt'Cd  as  bases  of  induction;  and  it  must  not 
be  allowed  the  skeptit'  to  say,  as  he  is  sure  to  do,  that  he  cmly  builds  truly 
upon  certain  facts  ;  that  his  faith  alone  stands  in  inductive  truth  ;  that 
religitms  faith  will  not  bear  the  test  of  indu<rtion  from  ascrtaine<l  facts. 
And  we  must  not  i>erniit  him  ti»  make  his  inductions  from  less  than  half 
the  facts  that  delino  our  being,  and  these  the  less  hnpoi'tant. 

The  mind's  thoughts  are  not  propagatetl  as  things  of  X)hysical  growth. 
We  but  borrow,  in  ivlation  to  the  mind,  the  language  of  tlic  garden,  and 
use  it  figuratively,  when  we  speak  of  sowing  mental  set^ls,  or  propagating 
ideas.  The  thoughts  I  am  si>eaking,  I  d«)  not  lose  ;  and  your  g^in,  if  any, 
is  not  a  material  acquisition;  nor,  s^^  far  as  you  or  I  can  ever  know,  has 
the  effect  been  pnKluced  by  midecular  changes  in  our  brains ;  and  if 
such  changes  do  take  i»lace,  they  are  a  life  i>rocess  of  the  brain,  and  can- 
not, conceivably  to  us,  be  the  tlumghts  that  enter  into  and  exercise  your 
minds ;  thoughts  that,  as  believed  woi-thy,  or  as  ycmr  minds  may  make 
them  worthy,  may  become  iKM-manently  your  thoughts,  after  the  nut' 
le<-ular  i)articles  moved,  if  any  such,  will  have  long  passed  away.  The 
mind  may,  indeed,  for  aught  we  know,  and  we  may  so  eoi\jecture  it  prob- 
abl:».  put  the  ])rain  in  motion,  as  we  know  it  will  thrill  the  nerves,  and 
ean  hurry  the  bltKMl  ;  as  the  wind  can  heave  the  water  into  waves,  but  the 
cause  and  the  effeet  are  different,  and  continue  ever  after  as  distinct  as 
before. 

Phvsiologv  teaches  us  that  the  mind  is  seated  in  the  brain  ;  for  with  the 
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brain  is  connected  every  nei-ve  that  gives  to  the  mind  tlie  sensations  re- 
ceived by  it ;  and  with  the  brain  is  connected  every  nerve  that  executes 
the  will  of  the  mind  upon  every  muscle  of  the  body  movable  by  the  will. 
A  ligature  round  the  nerves  of  sensation  will  prevent  the  mind  receiving 
sensations. by  them  from  a  point  beyond  the  ligature  ;  a  ligature  round  the 
nerves  that  obey  the  will,  will  pai*alyze  its  i>ower  to  command  the  muscle 
to  which  the  nerve  is  attached.  The  perception  and  command  are  inter- 
cepted at  the  ligature  ;  and  beyond  mental  power  has  ceased.  The  mind, 
that  is  the  light  of  our  being,  sits  enthroned  in  a  chamber  of  life-long 
darkness,  cushioned  upon  medullary  matter ;  moved  by  no  muscle,  yet 
moving  eveiy  motor  muscle  as  bid  to  ol>ey  its  will.  The  eyes  are  called 
its  windows ;  but  that  is  to  speak  figuratively,  for  no  ray  of  light  ever 
enters  there  ;  the  senses  are  called  its  poilals,  through  which  we  learn  all 
we  know  of  tilings  without  us,  but  no  sense  ever  lets  intt)  the  mind  one 
particle  of  matter. 

We  have  seen  that  the  life  of  the  body  is  fed  by  material  food  taken 
into  the  stomach.  The  mind  is  not  so  fed,  nor  fed  by  any  material  foo<l. 
The  mind,  or  a  mental  capacity,  exists  in  a  child  at  birth,  underived  from 
sensations,  for  it  must  pre-exist  to  receive  tlie  first  as  all  after  sensations. 
Though  we  may  not  know  how  it  can  exist ;  of  its  nature  and  operations 
we  can  observe  and  know  as  much  as  of  matter  and  life  ;  and  we  have  no 
more  right  to  refuse  to  know  all  that  we  can  understand  of  it  than  of 
them.  It  is  the  nobler  part  of  our  being,  and  that  which  is  most  charac- 
teristic and  most  prophetic  of  the  purpose  of  existence. 

The  immaterial  mind  is  fed  but  with  immaterial  food.  It  draws  tliis 
from  sensations  without  and  within ;  and  thus  learns  the  nature  and 
qualities  of  all  perceived  things.  It  digests  that  it  receives  ;  forms  con- 
ceptions or  ideas  by  its  inherent  power ;  has  capacity  of  comparing,  think- 
ing and  judging,  and  thus  is  also  self-fed  from  within  by  immaterial 
thoughts  as  no  life  is  fed.  Thus  we  may  observe  the  mind  to  be  developed; 
the  mind  that  can  frame  the  constitutions  and  laws  that  preserve  human 
society,  and  that  can  administer  them  ;  that  can  wield  the  physical  arms 
and  resources  of  the  nation ;  and  can  develop  the  trutlis  of  philosophy 
and  religion.  All  this  is  done  by  thought,  only  by  thought;  by  thought, 
indeed,  sometimes  inspired  ;  and  the  quieter  the  bo<ly  and  the  brain,  the 
more  surely  truthful  is  the  mental  judgment  and  the  might  of  its  power. 

Now  let  us  consider  some  of  the  sensations  that  the  mind  notices  as 
perceptions  and  conceptions,  and  stores  as  ideas,  to  l>e  used  in  thought 
and  judgment,  and  sec  if  they  own  a  material  source.  The  eye  opens 
upon  all  visible  things,  and  by  a  lens  the  picture  of  them  is  represented  on 
the  retina,  or  back  part  of  the  globe  of  the  eye ;  a  picture  the  reverse  of 
that  in  the  outside  world,  upside  down,  right  side  left.  The  retina  is  the 
expansion  of  the  optic  nerve  leading  to  the  brain,  that  gives  to  the  mind 
a  perception  and  conception  of  the  image  on  the  retina ;  not  that  the  im- 
age can  itself  be  taken  through  the  round  opaque  tubular  nerve  ;  not  tliat 
there  is  any  material  picture  on  the  retina,  any  more  than  the  reflection 
from  the  mirror  is  a  i*eal  picture  on  its  surface  :  but  the  mind  has  capacity 
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U)  rcacli  forwjud  and  take  perception  df  the  picture  truthfully,  but  take* 
it  restored  from  its  rcver.s;ils  by  the  ct«ivex  lens  to  its  true  position^  a» 
was  the  outside  iviUity ;  ui>-side  up.  and  rij^ht-side  right,  as  is  at  once 
vcritied  by  the  mit reached  hand.     This  power  of  penteptiou  is  something 
more,  and  tiuite  different  from,  the  materially-fed  animal  or  tree.     There 
is  no  protoplasm  hero.     The  iK'i-ceptions,  and  the  ideas  thus  derived 
throuj^h  all  the  several  senses,  are  alike  immaterial.     Through  the  eye, 
the  ear,  the  touch,  taste,  or  smell,  it  is  not  perceptible,  nor  conceivable, 
that  outside  matter  enters  into  the  brain,  yet  less  into  the  perceiving 
mind.     It  seems  moiv  reasonable  to  infer  that  the  mind,  which  by  its  wUl 
can  conmiand  and  put  in  action  the  many  muscles  of  the  body,  through 
the  nerves  of  command  that  extend  from  the  brain  to  them,  can  also  reach 
throu«^h  the  distinct  system  of  the  nerves  of  sensation,  wheresoever  imr 
X)in<;ed  upon,  and  take  note  of  all  st>nsiition.     Thus  doing,  the  mind  is 
filled  with  perceptions  c<mceptions,  ideas.    But  when  it  perceives,  thinks, 
compaivs  its   ideas,  recalls  its  memories  of  long  past  years,  forms  now 
judgments,  and  the  will  sends  foiih  its  mandates,  we  are  not  to  believe  it 
is  carrying  on  material  operatic ms,  before  the  muscles  have  acted ;  that 
thoughts  are  the  bubblings  or  heavings  of  mediUlary  matter;  or  as  elec- 
tricity they  are  elicitt^d  by  material  friction ;  or  as  the  chemical  corroaionii 
of  a  battery:  or  are  any  other  material  pro<luction.     There  appears  no 
evidence  of  any  such  pnu-esses,  and  these  indicate  no  relationship  with 
mental  action.     The  memory  of  lialf  a  century  ago  cannot  l)e  a  recalling 
of  the  matter  of  the  brain  of  that  time :  the  peix^ptions  taken  into  the 
mind  contained  no  material  element,  and  the  mind's  elaborations  of  im- 
material iH'rception  cannot  Ix.^  elabtn-ations  of  matter,  or  produce  mate- 
rial tht»ughts.     Thought  that  ninges  instantly  over  creation  cannot  he 
bound  by  the  limitations  of  matter.     Whatsoever  is  mattiT  must  have  the 
bounds  of  matter ;  matter  must  have  the  pn>perties  of  matter.    Tlioughts 
are  not  so  subject.     It  is  not  in  the  nature  of  matter  to  range  beyond 
itself;  to  look  to  the  past  or  futui-e,  or  in  imagination  to  survey  the  world 
an<l  universi>.  an<l  all  that  in  them  is.     It  is  not  in  the  nature  of  thought 
to   be  subjected  to  mechanical  or  chemical  tests.     If  thoughts  lie  but 
matter,  they  must  Ik;  eliminated  by  the  bo<ly's  ever  bu.sy  absorl^ents  as 
waste  material,  and  there  could  be  no  memory  of  them ;  but  the  mind 
holds  not  her  rich  treasures  by  so  slight  a  tenure.     The  intellect  would 
then  sit  uihmi  a  thn>ne  whose  base  would  Ik?  incessantly  undermined  ;  nay, 
Ik*  rapidly  swejit  away,  since  the  new  tissue  supplied  to  the  brain  by  tlie 
life-pn»cess  would  not  replace'  the  lost  ideas.     Immaterial  thoughtis  tlie 
immoiial  mind,  is  not  carried  oil'  as  waste  and  elletc  matter;  as  sewage 
through  the  sewers  of  the  IhkIv.     Xewly-<leposit*Ml  biiiin  tissue  fn>m  the 
blood  would  not  restore  thought  that  has  vanished.     Memories  are  not  as 
charartei*s  written  on  the  sand,  to  Ikj  washed  out  by  ever  relluent  waves. 
The  memories  of  a  well-preserved  old  man,  wIukhc  strength  has  not  faileil, 
nor  his  eye  grown  dim.  make  him  a  heingconiiMiuudedof  the  cluii-aeters of 
three  generations;  with  mind  informed  by  the  pressures  and  knowledge  of 
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them  all ;  with  gathei*cd  experiences  and  f<n*ethoiiglit  that  make  him 
largely  prophetic  of  the  future.  So  the  poet's  vision  has  seen  and  de- 
scribed sucli  an  octogenarian  ;  or  l^new  liim,  and  sketched  him  from  life  : 

•'  Ay^e  ha4l  not  tamed  his  eye :  that,  umler  brows 
Shajfg:y  and  grey,  hml  nieanin^:R  wliioh  it  brou}i:lit 
From  years  of  youth  ;  which,  like  a  Being  made 
Of  many  Beings,  he  liad  wonclrousi  sivill 
To  idend  with  knowledge  of  the  years  to  come  : 
Human  ;  <»r  sucli  as  lie  beyomi  the  grave.'' 

—  Wordsworth. 

As  the  visual  picture  entered  not  the  brain,  so  will  not  the  vibrations  of 
sounds  in  the  air.     The  speaker's  mind  is  tilled  with  thoughts  which  ho 
is  earnest  to  inculcate  upon  his  heai*ei-s,  and  vo<*ally  he  gives  them  to  his 
thousand  listeners.     T  do  not  say  tfunnfers  them,  for  he  has  not  parted 
with  one  idea,  though  they  have  got  all  he  has  spoken.     No  phosphonis, 
or  any  other  matter  has  left  his  to  go  into  their  minds.     His  voice  has  but 
made  vibrations  in  the  elastic  air,  which  othei-wise  has  been  unchanged. 
Tliese  vibrations  have  spread  concentrically  from  their  centre,  with  their 
ten  thousand  distinctions  of  modulated  words.     These  sounds  have  reached 
the  ears  of  the  listeners,  and  their  jHirceptive  minds  have  readied  foi-ward 
through  the  auditory  nen'c,  whose  extension  by  delicate  fibres  floating  in 
the  water  of  the  vestibule  of  the  ear  liave  been  stirred,  and  given  to  the 
mind  the  perception  of  every  variation  of  the  voice  of  tlie  sjHjaker ;  of  its 
formed  words,  its  inflections,  evidences  ;  its  tones  of  earnest  pathos  and  its 
joyous  or  sad  emotions  ;  and  all  its  varied  meanings.     But  no  vibration 
of  the  air  has  reached  the  interior  of  the  bi-ain  ;  indeed,  no  material  idea 
had  traversed  the  air  to  reach  the  hearers.     Air-borne  wavelets  of  words, 
or  conventional  signs  of  ideas  expressed  only  by  distinctions  in  .soiuids, 
have  reached  the  easily  moved  hairy  fibres  of  the  auditory  nerve,  and  im- 
parted motion  to  them  ;  but  there  the  material  motion  has  ended,  yet  tho 
perceptive  mind  has  caught  the  many  distinctive   meanings.     But  no 
motion,  no  sound,  no  matter,  has  entered  the  brain  by  the  auditory  nerve  ; 
for  the  nerve  thei-e  embedded  is  constricted  in  passing  through  a  naiTow 
orifice  in  the  skull ;  is  not  itself  floated,  or  tensitmed,  tt)  transmit  vibm- 
tory  motion  ;  but  cut  off"  from  the  air,  the  vibrations  of  which  have  been 
spent  upon  the  drum  of  the  ear  and  the  wonderful  ai)paratus,  and  water 
within  the  vestibule  ;  and  were  this  not  so  the  vibrations  of  the  air  are  not 
transmissions  of  matter  ;  but  when  the  voice  has  soun<led,  tlie  air  and  the 
ear  are  again  as  if  no  voice  had  spoken.     The  mind  has  tuken  the  per- 
ception of  the  distinctions  of  sound  from   the  flbrous  extension  of  the 
Siuditory  neiTC.     Had  the  same  words,  or  conventional  representiitions  of 
thoughts,  been  written  or  printed,  and  then  been  read  by  others,  these 
^ould  have  received  their  characters  pic^tured  on  the  retina,  without  the 
charms  of  vocal  expression,  and  alike  without  the  reception  of  any  ma- 
terial element  in  the  brain. 

It  is  obviously  the  sjime  as  to  tho  sense  of  touch.     The  finger  will  give 
the  perception   of  the   shape,  density,    temperature,  etc.,  of  the   object 
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touched,  but  no  matter  or  thing  will  be  transmitted  into  the  brain.  The 
mind,  by  its  i)erceptive  i)ower  in  the  brain  and  nerve,  will  have  taken 
notice  of  the  ]>roperties  of  the  object,  and  formed  an  idea  of  it.  By  no 
seiiHe  has  the  brain  or  mind  lieen  materially  fed.  Here  we  should  recol- 
lect the  i)hy8ical  cimdition  of  the  brain.  It  fills  the  chamber  of  the  skull ; 
is  always  dark,  is  always  silent.  Therein  is  the  source  of  all  the  intel- 
lectual Ught  in  the  world,  yet  not  one  real  spark,  or  beam  of  light  has 
there  ever  glowed.  No  ray  of  light  can  deiiict  a  picture  therein ;  no 
vibration  can  carry  a  sound  within  it ;  no  tasted  food,  or  touched  thing; 
nor  aroma  of  incense,  can  enter  there.  But  the  nerve  of  each  sense  has 
been  affected  by  an  outward  object,  and  the  i)erceptive  mind  has  reached 
to  notice  the  action  of  the  outwai*d  thing  upon  the  nerve.  In  the  eye  it 
is  a  picture  thrown  by  the  light  on  the  retina  and  it  is  there  perceived  ; 
in  the  ear  vibrations  have  stirred  the  floating  fibrous  extension  of  the 
auditory  nerve,  and  there  they  have  been  iiereeived  with  their  varied  di*- 
tluctions ;  and  by  the  other  nerves  of  smell,  touch  and  taste,  the  per- 
cx)]>tion  has  licen  at  the  point  of  ccmtact.  The  mind*s  command  reaches 
by  the  motor  nen'c  to  the  remotest  muscle  :  sensation  by  touch  may  reach 
as  far ;  and  there  api^^ai-s  to  be  no  reason  why  the  mental  i)erception  has 
not  reached  to  the  point  whence  such  sensation  is  said  to  have  come. 
The  min<l  wills  to  move  the  tois  and  it  Ikis  at  the  mime  iiuitant  the  per- 
ception that  it  has  moved.  Indeed,  each  ner\'e  of  sensation  has  its  local 
duty  to  inform  the  mind  instantly  of  every  impingement  ujion  the  surface 
over  which  its  fibres  are  sprea<l.  This  it  can  only  do  by  the  mind's  taking 
notiiu;  of  it,  so  that  sensiition  implies  i>eroeption.  The  ner\'es  at  the  stump 
of  an  amputated  leg,  when  irritated  there  gives  the  i)erception  as  at  the 
ftK>t  or  t<w  to  whicli  the  nerve  when  unsevered  had  been  attached,  for  tliat 
ha<l  been  its  established  duty  in  its  relation  with  the  mind ;  and  the  per- 
C'Cptive  mind  yet  adheres  to  its  oiiginal  consciousness,  and  still  takes  its 
perception  as  frcmi  a  living  foot,  where  now  there  is  none.  The  percep- 
tion that  ha<l  formerly  reached  the  extremity  of  a  iK»rfect  nerve  comes  to 
coustriousness  as  from  that  point,  though  the  nerve  has  been  touched  mid- 
way. And  when  the  optic  nerve  is  involved  by  disease,  its  illusive  visions 
pn>duced  by  disease,  appear  jis  they  would,  if  truly  pictured  on  the  retina  ; 
and  so  if  the  auditory  nerve  l>e  so  involved,  the  illusive  sounds  apjiear  to 
enter  the  ear.  And  so,  too,  as  t(^  those  bright  visions  and  hymning  tones  by 
which  the  dying  are  l^ftou  preternaturally  visited,  showing  them,  in  ad- 
vance, celestial  scinies  and  companionshi]>s  such  as  they  are  about  to  enter, 
their  <»utwaixl  senses  seem  to  tliem  still  to  have  served  them,  and  they 
wonder  that  their  surrounding  friends  have  not  seen  and  heard  all  tliat 
they  have  so  intens4»ly  enjoyed  :  but  no  outward  sense  liad  seen  or  heard 
all  that  the  mind  liad  directly  i»erceived.  The  ai)propriate  neiTC  always 
ministers  to  the  mind  a<'('ording  to  its  original  apiK>intment,  andre8[>ond8 
iis  the  faithful  siMitinel,  only  from  the  assigned  post  of  duty,  and  there  it  is 
that  report  is  made  to  penu'ptitni.  Sensation  and  fiereeption  appear  to 
he  synonymous  au<l  sinuiltaneous,  and  at  the  same  p(»int :  but  the  conce|>- 
tion  of  ideas,  and  the  mental  processes  of  thinking,  comparing,  imagin- 
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«  judgiug  and  willing,  arc  carHed  on  in  the  8ui)6rior  brain,  by  which 

n  iH  distinguished  above  all  other  creatures.    Physiologist^i  speak  of 

sensorium  or  central  ganglia,  below  the  cerebrum,  as  the  common 

"tre  of  sensation ;  but  our  owni  consciousnes  when  thinking,  and  our 

headaches  for  over-much  thinking,  plainly  say  to  us  that  the  crown- 

and  frontal  hemispheres  of  the  brain  are  the  seat  of  thought  and 

It  is  the  mind  in  that  little  simce  that  rules  the  world, 
le  reflective  anatomist  as  well  as  others,  is  struck  with  wonder  when 
"templating  the  human  bniin  as  the  seat  of  thought  and  sovereign  will  : 
as  poet  he  must  speak  figuratively,    lie  exclaims  as  he  looks  upon  it, 

*'Thcn  murk  the  cloven  sphere  that  hohlH 
All  thought  in  itii  mvjiterious  fold? : 
That  foels  i(en9atlon*8  faintest  thrill 
And  fiai(hei<  Torth  the  fK>verelgn  will : 
Think  on  the  Htonny  world  that  dwelN 
I/(»ckcd  in  itfi  dim  and  clustering  cell!> ! 
The  livhtninq:  urlcamn  of  |K>wer  it  ^ihcd." 
Alonv  its  hollow  glassy  threads  !" 

—Dr.  ().  W.  llolmei. 

Sw^^ili  combination  of  body,  life,  mind  and  feeling,  are  indeetl.  more  won- 

cl€'«T"^iil  than  miracle,  and  justify  the  anatomist  and  poet  in  his  prayerful 

cO"Km  elusion  : 

"  O  Father  I  urrant  Thy  love  divine 
To  make  these  mystic  temples  thine. "—//>. 

*X*  he  great  fact  is  never  to  be  forgotten,  that  the  Innly  is  fed  only  by 

ins^t;«rial  food  ;  that  the  brain  and  the  nerves  are  also  fed  as  the  residue  of 

th©   body  from  the  living  blood  :  but  that  the  mind  is  ever  and  only  can  be 

feci  by  immaterial  perceptions  of  outwai-d  and  inward   material  things, 

and  as  it  is  self-fed  by  its  own  immaterial  thought.s  and  inherent  emotions. 

Ho^w  amply  the  physical  brain  is  fed  by  the  blood,  is  a])parent  when  physi- 

t>lo^Hts  tell  us,  that  its  proportion  to  the  whole  boily  is  as  one  to  thirty - 

MX,  while  one-fifth  of  the  whole  volume  of  bloo<l  is  in  circulation  there. 

There  is  another  test  we  may  also  daily  observe  in  otliera  and  in  our- 
selves, showing  that  mind  and  body  are  not  alike  nourished,  namely,  that 
the  gross  feeding  that  expands  the  body,  does  not  enlarge,  but  obscures 
the  mind.  That  the  mind  is  usually  clearest  and  most  effective  when 
™®D  are  abstemious  and  temixjratc,  provided  only  they  eat  enough  to 
keep  ^p  tlieir  normal  strength.  Many  bright  minds  that  have  enlightened 
*"®  'V'orld,  would  never  have  been  its  shining  lights,  had  not  their  bodies 
"^^  Tni\  and  their  physical  organization  delicate  ;  indicating,  not  that 
"*©  body  and  mind  wei*e  one,  but  that  the  body's  grossness  had  not  over- 
"^  o^  obstructed  the  free  thinking  and  reasoning  mind. 

^^Q  power  of  mental  consciousness  and  his  capacity  to  think,  constitute 

™*'^**  great  distinction.     Mind  makes  him  man,  and  lifts  him  al>ove  all 

^her  creation.     It  is  the  mind  that  yields  him  all  his  purest  and  truest 

J^^^^Ueg.    We  say  that  the  eye  sees,  and  the  ear  hears.     These  senses  are 

*  ^*ilet8  to  outward  sights  and  harmonies  :  it  is  only  the  mind  that  per- 
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cririvvs  aii<l  onJDys.  The  ti-ansporling  in-osi»cct  wc  look  upon  ;  the  1.ind- 
sca])o  of  lawn,  tivcs,  river  anil  nioiint;iin  ;  or  tlie  niiiKic  that  chariiiA  us 
\i'ith  iiidelinablc  <leli<;ht,  <ire  pleaKui-eKiuherant  in  the  mind,  inborn  of  the 
soul.     IamI  by  the  ;^reat  draniiitist,  wc  willingly  say  witli  him, 

"  Hcri>  will  wc  sit.  tiiiil  let  the  SoUliil;*  of  milrik' 

c'ri'(>|i  iiitd  our  iMirs:  Soil  .-tillnrfii*  iniil  tlii>  iilirlit 

Hi'ciiiiic  the  toiirlics  of  hwcft  liiiriiiony  !" 
"Stioli  liariiioiiy  i^  in  liniiiortal  souls." 

And  such  inner  sense  of  the  beautiful :  our  moral  sense  ;  our  sympathy 
with  our  fellow  bein/^s ;  our  eniotions  in  worship ;  *'our  sense  of  an  end- 
loss  lieing  ;*'  are  all  inborn  of  the  soul,  and  assure  us  ours  is  the  harmony 
«if  ^Mnnnortal  souls.*-  Necker,  statesman  of  Fnince,  also  reasHuresusof 
what  Shakesi>eare  so  l>eautifully  sjiid  :  ''The  whisi^er  of  tho  gales,  the 
murmur  of  waters,  the  peaceful  agitation  of  trees  and  slu-ulis,  wuuM  eon- 
cur  to  en^a^e  our  minds,  and  atVert  our  souls  with  tenderness,  if  our 
thcmglits  were  elevated  to  one  rniversal  Cause."  It  is  thus  in  thought 
and  emotion  that  aloni^  we  can  rise  to  commune  with  our  higher  self,  i^ith 
the  highest  endowments  of  our  friends,  and  with  Deity. 

The  materialist  supposes  he  has  advanced  histheoi>  when  he  tells  us,  that 
it  has  been  found,  after  a  siHsiker  has  used  extraoixlinary  mental  exertions,   ^ 
an  analysis  of  his  urine  shows  an  increase  of  phosphorus  :  and  this  is  in — 
ferrcd  to  Ik*  a  material  residuum  of  the  s^H'aker^s,  spent  thoughts  !    Ther 
i<lea  must  l>e  that  pli(»sphorus  is  the  matter  most  likely  to  he  mind,     l^ 
us  apply  another  test,  not  material,  to  this  supposetl  experiment :  tli 
scrutiny  of  the  thinking  mind  itself.     The  exeiiions  of  the  si)eaker  we 
proluibly  nuich  more  ]>hysical  than  mental,  and  the  ivsult,  if  tnie,  wouli  . 
Ik?  moil*  proiK'rly  assignable  to  ])hysieal  causes.     The  ideas  of  the  sjteakcK 
arc  commonly  I'ormcd  in  atlvanee.  in  Ins  study,  in<iuietude,  and  the  liesto^ 
them  in  the  wakefid  hours  of  the  night,  wlien  thebtnly  isin  ]»erfect  re]K)se 
The  delivery  of  them  so  far  as  the  intellect  is  tasked,  is  moiiithe  easy  ex- 
ercise of  mcm«)ry  than  the  formation  of  new  ideas.     But  to  make  the  de- 
livery of  iliem  impressive,  the  «»ratorcxerts  his  voice  ;  gives  violent  play  t* 
the  lungs  ;  uses  e:irnest  gesture  :  aceelcrates  the   riivulation  :  pr«Nhiee!>a 
per>)»iration  :  and  it  would  1k'  an  obvious  eonseipuMicc.  even  if  there  we r 
no  inerca.M*  of  the  ]>hospliorii'  deposit,  that  as  nuieh  of  the  water  in  th(=; 
IiIinhI  has  gone  out  tlirou(;h  the  pon^s  of  the  skin,  whieh  would  otherwise 
have  diluted  the  urine,  tliat  the  ]>hosphorus  api»earing  in  it  is  I'liund  in 
larger  proportion. 

Though  matter  b<>  esMrntial  to  the  growth  and  transmission  of  all  life 
though  matter  and  life  be  t>ss<*ntial  to  sustain  the  mind  in  its  manifestu 
tious  in  this  world  :  all  these  three  aiv  of  veiy  distinctive  nature.  In  th 
plant  there  is  life,  but  no  bniin  or  ner\es,  nor  feeling  or  mind.  These* 
therefore,  are  not  necessary  to  the  pheninnenon  of  life.  It  is  the  iiouriKhe<ir 
IiUnmI  t»f  other  <'omposition  than  vegetable  ]»rotoplasm  tliat  must  Hfiwam 
lH>ar  the  life-sustaining  material  of  the  animate  lM*ing,  and  that  for  bmii 
and  nerv«*s  as  well  as  the  residue  ol'  the  ImhIv.  You  may  intercept  th 
mind's  |K'ri'eptit»ii,  ai.d  life  will  goon  :  but  inTer<'c]it  the  bloiMrs  cin.'ula 
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tioii  and  the  excluded  part  is  killed.  Sir  T.  C.  Morgan,  M.  D.,  says  :  **If 
the  supply  of  blood  be  cut  off  from  a  limb,  by  means  of  ligatures  made 
upon  its  arteries,  sensibility  of  all  kinds  is  in  a  very  short  time  extin- 
guished ;  and  the  part  dies,  and  undergoes  the  same  changes,  as  supei*vene 
on  the  death  of  the  whole  body.''  "  If,  on  the  contrary,  the  circulation 
continue  uninterrupted,  and  the  ligature  be  cast  round  the  nerves  of  the 
limb,  so  as  to  cut  off  its  communication  with  the'cerebral  centre,  the  other 
tissues  will  continue  their  functions  uninterrupted  by  the  accident." 
**  These  counter-experiments  clearly  demonstrate  that  the  nervous  system 
is  not  the  fountain  of  life  to  the  rest  of  the  economy  ;  but  receives  its  ani- 
mation, in  common  with  all  other  tissues,  from  the  action  between  its  own 
vessels  and  the  cin-ulating  fluids. ' '  ( Philosophy  of  Life,  217. )  Tims  the 
incomprehensible  life  retiiiires  matter  as  the  vehicle  of  its  manifestations; 
and  the  incomprehensible  mind  requires  matter,  including  brain  and 
nerves,  as  well  as  the  life,  for  its  manifestations  :  but  the  distinctly  mani> 
fested  actions  of  both  are  full  of  diversities  and  contraneties.  As  life 
cannot  ac<*ount  for  and  produce  matter,  nor  matter  life  ;  so  do  neither,  or 
both  together,  account  for,  or  produce  mind,  but  only  subserve  it.  For 
each  the  Cause  can  only  he  logically  sought  in  a  Creator ;  and  for  their 
wonderful  combination,  and  concurring,  or  (jounter-actions,  in  the  being 
man,  we  can,  in  reason,  only  refer  ourselves  to  Him  who  transcends  all 
and  knows  all,  even  the  thoughts  and  mind  of  man.  That  mind  that  is  not 
matter  nor  the  life,  but  is  above  these  ;  that  has  no  likeness  on  earth  ; 
proves  itself  of  all  we  know  the  most  like  unto  God  who  is  a  spirit.  It 
alone  in  nature  reviews  its  own  consciousness,  as  under  an  inevitable 
sense  of  moral  and  religious  duty  and  accountability,  and  asks  and  an- 
swers the  question,  **  My  soul,  is  it  well  with  thee  ?"  If  thei-e  be  another 
such  being  in  the  universe,  it  can  only  be  an  angel  in  heaven. 

Xavier  Bichat,  who  studied  and  wrote  at  the  end  of  the  last  century, 
and  until  the  second  year  of  this,  and  had  much  exi>erience  in  surgical 
practice  during  the  French  Revolutitm,  was  cei-tainly  the  profoundest 
physiologist  of  his  day.  He  did  not  fail  to  perceive  that  the  human  mind 
was  something  different  an«l  higher  than  the  brain  and  the  nei-ves,  which 
he  regarded  as  but  material  instruments  of  the  mind.  He  considered  a 
want  of  harmony  in  the  two  superior  hemispheres  of  the  brain  as  cause 
of  imperfect  perception,  not  by  the  brain,  but  by  the  mind  or  soul,  say- 
ing, **for  the  brain  is  to  the  soul  what  the  senses  are  to  the  brain ;  it 
transmits  to  the  soul  the  impressions  conveyed  to  it  by  the  senses,  as  the 
senses  convey  to  the  biain  the  impressions  made  upon  them  by  external 
objects."  (On  Life  and  Death,  30-:n.)  **If  both  (the  hemispheres)  do 
not  act  alike,  the  iK^rception  of  the  mind,  which  ought  to  be  the  i-esult  of 
the  two  sensations  united,  will  be  inexact  and  irregular."  (p.  31.)  He 
inquires,  whence  arises  the  facility  which  our  sensations  have  of  under- 
going so  many  modifications,  and  answers:  **To  conceive  of  it,  let  us  tlrst 
remark  tliat  the  centre  «)f  these  revolutions  of  pleasure,  of  pain,  and  m- 
difference,  is  by  no  means  seated  in  the  organs,  which  receive  or  transmit 
the  sensation,  but  in  the  soul."  (lb.  4U. )     Thus  imperfect  i>er(*eption  and 
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appreheusioUj  and,  indeed,  im]jcrfect  intellectual  powers  come  from  defects 
in  the  niatcnal  instruments  that  serve  it ;  but  it  is  to  be  said  that  the 
defective  .stmcturc  produces  deficient  mind  only  in  the  sense  that  it  has 
served  the  mind  with  im]>erfect  i>erce]>tions,  and  hence  witli  erroneoos 
conceptions  for  its  use.  The  nature  of  the  mind  may  thus  be  the  same  in 
nil,  though  furnished  with  iK^rceptions  and  ideas,  and  exercised  and  de- 
vek>])ed.  as  variously  as  the  numl)er  of  human  beings.  Then,  again,  the 
physical  constitution  and  the  animal  passions,  as  well  as  the  emotions  and 
ejections,  social,  moral  and  religious,  will  also  differently  aflfect  the  sensa- 
tions, perceptions,  and  powers  of  reasiming ;  our  thoughts,  imaginations, 
judgment  and  character,  and  yet  not  be  the  mind  that  thinks,  reasons, 
judges,  and  a<^ts.  They  are  most  important  parts  of  the  being ;  but  the 
l)hysical  can  be  no  part  of  the  mind. 

Yet  Mr.  Huxley  tells  us  that  out  thoughts  **  are  the  expression  of  mo- 
lecular changes  in  that  matter  of  life  which  is  the  source  of  our  other 
vital  phenomena;**  but  he  states  no  reason  why  this  should  be  so ;  why 
matter  or  life,  separately  or  together,  should  produce  thoughts.  He 
takes  no  notice  of  their  contrary  natui'e  and  ox)e rations  from  matter. 
Now,  as  we  have  seen,  the  i)rocess  of  life  gives  its  own  proofs,  immeasur- 
ably suri)assing  in  accuracy  that  of  the  mi(?roscope,  as  to  all  that  enters 
into  the  composition  of  the  plant  or  animal,  as  attest<.Ml  by  products  in- 
finitely varied,  and  thereby  has  i)roved  all  i)rotoplasms  not  to  be  ba»t$  of 
the  same  nature,  and  that  life  uses  other  elements  in  her  structures ;  so 
the  difl:erent  natui*es  and  actions  of  thoughts  and  mind  from  life  and  mat- 
ter, must  be  taken  as  i)n)of  that  they  art*  not  one  with,  nor  can  be  pro- 
<luced  by  matter,  or  yet  l>e  the  life  that  has  subjected  matter  to  her  uses. 
The  life,  instead  of  pHNlucing  mind,  is  made  subject  to  the  mind ;  as  U* 
its  uses,  what  it  shall  be :  whether  it  be  more  worthless  than  the  fester- 
ing charnel  heap,  or  in  purity.  iK?rfection,  beauty,  and  glory,  it  shall  hv 
the  fitting  companion  of  immortal  immaculate  beings. 

Professor  John  Tyndall,  always  ardent  and  hojieful  in  scientific  dis- 
covery, does  not  leave  the  materialist  without  hope  in  the  future,  yet 
does  state  this  :  **I  do  not  think  he  is  entitled  to  say  that  his  molecular 
groupings  and  his  molecular  moti(»ns  e.rphiiu  everything:  in  reality  they 
explain  n(»thing.*'  **The  problem  of  the  connection  of  bixiy  and  s«oul  is 
as  insoluble  in  its  modern  form  as  it  was  in  the  ])rescientific  ages.^* 
"The  passjige  from  the  i)hysics  i»f  the  brain  to  the  corresponding  facts  of 
consciousness  is  unthinkable.'*  (Fragments  of  Science,  119.)  True,  the 
manner  of  the  connection  is  unthinkable,  but  the  fact  of  such  connection 
between  very  dissimilar  things,  all  must  admit  who  do  not  deny  the  evi- 
denres  of  their  senses,  the  i)nK)fs  «.>f  exiKn'iment.  and  of  the  mind's  testi- 
mony unto  itself:  and  the  higher  significanc^e  of  mind  and  emotion  seems 
ciiually  obvious. 

The  mind  is  ]»la('cd  in  clc^sest  alliance  with  the  body,  but  is  of  difterent 
iMMistituen<  y  an»l  power.  Set  over  the  body  to  rule  it,  her  thnme  is  in  the 
brain,  whither  the  nerves  of  sensation  are  ever  giving  information  from 
without  and  within  :  whence  her  judgments  are  ever  issued,  and  oxecntc<l 
through  the  nerves  of  command.     Would  you  liken  this  to  the  telegraph? 
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— ^you  must  carry  the  comparison  to  include  both  ojjerator  and  sender  of 
messaged ;  must  note  that  in  the  centre  is  the  mind  that  thinks,  and  that 
receives,  and  sends  the  messages,  and  commands  and  executes  as  well. 
There  is  still  the  mastery  of  mind,  ever  asserting  her  power  over  matter, 
4ind  her  own  likeness  unto  God.  And  though  so  small  a  sx)eok,  there  is 
nothing  known  to  man  that  will  so  bear  to  be  put  in  comparison  with  our 
•conception  of  Deity,  who  is  a  spiiit.  as  the  immatenal  mind  of  man. 

It  is  not  to  be  doubted,  after  the  experiments  and  observations  of  Prof. 
Matteucci  and  Drs.  Du  Bois-licymoud,  Carpenter  and  Radcliffe,  that 
•electricity  pervades  the  nerves  and  muscles  of  the  body  ;  the  precise  ser- 
vice of  which  awaits  further  development,  but  is  supposed  to  be  identified 
with  the  ordinary  force  and  action  of  the  nerve  and  muscle.  Dr.  Rad- 
cliffe says,  as  the  result  of  his  investigations,  **  There  is  reason  to  believe 
that  all  kinds  of  electricity  act  upon  nerve  and  muscle  by  way  of  charge 
and  discharge,  the  charge  antagonizing,  the  discharge  permitting,  the 
^tate  of  action."  Whatever  may  be  further  ascertained  as  to  the  agency 
of  electricity  in  the  animal  economy,  of  this  we  may  be  assured,  that  it 
will  act  subserviently  to  life  and  to  the  wilL  So  it  is  found  in  the  electri- 
cal eel  and  tlie  tori)edo  fish,  in  which  life  largely  accumulates  it,  and  the 
will  discharges  it  upon  an  enemy,  in  electric  shocks,  but  only  so  long  as 
the  supply  lasts,  when  the  belligerent  thus  armed  must  await  renewal  of 
supply  by  natural  recuperation.  With  all  animate  creatures  i*est  after 
fiatigue  is  the  appointed  means  for  renewal  of  strength  to  muscle  and 
nerve,  to  become  fitter  instruments  of  the  will ;  and  that  is  to  say,  after 
the  exacting  will  has  ceased  to  enforce  wasteful  action,  the  life  process 
works  on  during  repose  to  restore  the  strength,  and  the  more  i)erfectly  if 
we  sleep.  The  sti*ength  or  electricity  would  not  be  given  us  without  the 
life  gave  it,  and  neither  is  to  be  identified  with  the  life,  or  mind,  or  will. 

I  suppose  there  are  few  of  active  mind  who  have  not  the  consciousness, 
when  going  to  sleep,  of  those  sudden  nervous  throbs  that  tell  us  that  a  dis- 
turbed electricity  is  seeking  its  equilibrium  in  the  body,  and  thus  several 
times  defeating  the  desii*e  to  sleep.  This  occurs  at  the  moment  of  oblivi- 
oosuess ;  showing  that  the  mind  had  until  then  restrained  electrical  action  ; 
but  which  ensues  as  a  physical  action  in  the  body,  as  soon  as  the  mind 
ceases  to  rule.  Many  materials  concur  to  build  the  human  temple  and  to 
subserve  the  life.  The  blood  alone  has  its  more  tlian  dozen  elements ;  its 
water,  albumen,  fibrin,  sodium,  lime,  magnesia,  iron,  &c. ;  and  heat  and 
electricity  may  warm  the  body,  and  aid  the  vital  functions,  yet  be  not  mind. 

And  our  minds 

"  Are  not  wholly  brain. 
Magnetic  mockeries  ;'*    ♦    »    » 

*'  Not  only  canning  casta  in  clay  : 

Let  science  prove  we  are,  and  then 

What  matters  science  unto  men?" 

—Tennyton. 

Prove  man  is  worthless,  then  is  science  worthless  all. 

One  so  practical  and  leai*ned  as  Dr.  Carpenter,  and  so  fully  infonned 
tipon  the  results  of  modem  scientific  investigation,  and  himself  writing 

a  life-long  teacher  of  ])hysiology,  regards  the  brain  as  the  instrument 


i)f  mind  other  than  itst'll*.     *-The  physiologist  knows  full  well,  that  the 
immediate  ojK'i-ation  of  the  will  is  not  uixm  the  muscle  but  upon  the 
bi-ain."     **  We  have  nt>t  «)nly  evidence  of  the  exeiteniunt  of  ner\'e-foroe 
by  mental  agency  ;  the  eonverw  is  eijually  true,  meutal  activity  being 
excited  by  nerve-fi»rce."     And  he  proceeds  to  say.  "it  is  obviouH  that  the 
view  liere  t.'\ken  d<K3s  not  in  the  least  militate  against  the  idea,  that  mind 
may  have  an  existence  alt-ogcther  independent  of  the  material  body  through 
which  it  thus  manifests  itself."     **  In  the  contn)l  and  direction  which  the 
will  has  the  power  of  exerting  over  the  course  <»f  the  thoughts,  we  have 
the  evidence  <»f  a  new  and  independent  i>ower,  which  is  opposed  in  it* 
very  nature  Uy  all  the  automatic  tendencies,  and  which  accordingly  as  it 
is  habitually  excited,  tends  to  i-cnder  the  individual  ixfref  agfiiU""  \ I*liy»i- 
ology,  Sees.  58.').  ."iKC,  oHH.  \ 

The  capacity  of  the  Inwly  is  limited.  Its  gn)wth  cannot  be  forced.  It 
can  add  not  a  cubit  to  its  stature.  But  no  limits  can  bo  assigncnl  t«»  tlie 
iicquisitions  of  the  mind.  While  he  has  life,  man  may  learn.  True, 
students,  anient  and  ambitious,  will  often  sacrillc»e  their  lives  in  the  pur- 
suit of  knowledge  :  but  that  is  not  because  the  mind  has  taken  into  itself 
more  than  it  will  hold,  but  more  rapidly  than  the  frail  Ixnly  will  l>ear,  and 
in  manner  vit»lating  the  laws  <»f  health  :  those  laws  that  require  the 
exercise  of  the  muscles,  the  jday  of  the  lungs  in  bn^athing  fresh  air,  and 
an  a<'celeratcd  movement  of  the  circulaticms,  of  the  a-ssimilative  procew* 
and  of  all  life's  functions  ;  and  due  rest  an<l  sleep.  The  versatile  and 
iKmndless  ranging  mind  must  wait  upon  the  limited  conditions  of  its  sub- 
sei-\'ient  companion  :  by  wisely  doing  which  this  life  may  last  long,  and 
the  mind  ceaselessly  ac<iuin*  inrreasi^  of  knowledge  and  jiower.  But  ever 
the  master  mind  must  be  iloing,  or  naught  is  done. 

Dr.  CarjK'Utcr,  as  a  purely  scientific  teacher,  also  si>eaks  of  the  siml's 
rt'lation  to  the  Inlinite  :  and  o{  its  constituting  <me  of  the  most  distinc- 
tive i)eculiarities  (»f  man,  and  as  the  main-spring  of  human  pi-ogress. 
Me  says  the  desire  for  improvement  grows  by  what  it  feeds  ufHUi  ;  "in 
the  higher  gi-ades  of  mental  development  tliei*e  is  a  continual  l(M>kingn]>- 
war<l,  not  towards  a  mere  elevated  human  standard,  but  at  ont-e  to  some- 
thing above  man  and  material  nature.*'  lie  desires  to  iKirticiimte  in  a 
sjiiritual  existence,  of  which  the  germ  has  been  implanted  in  the  mind 
of  man,  and  which,  developed  as  it  is  by  the  mental  cultivation,  ♦  ♦  ♦ 
has  been  regarded  by  ])hil<»so]»hei*s  in  all  ages  as  one  of  the  <*hief  natural 
arguments  for  the  immortality  of  the  soul."  (Physiology,  See.  T. )  AimI 
he  concludes  his  work  on  Animal  I'hysiolo^rv.  in  theM»  won  Is :  ''The 
philosopher  who  has  attained  the  highest  summit  of  mortal  wistloni,  is  he 
who.  if  Ik>  Use  his  mind  aright,  has  the  clearest  pcrce)»tion  of  the  limits 
of  human  knowledge,  and  the  most  earnest  desires  for  the  lifting  t>f  the 
veil  that  sepanit*'**  him  fn»m  the  I  nsc«'n.  lie,  then,  has  the  stnmgest 
nh>livcs  for  that  humility  of  spirit  and  purity  of  heart,  without  which, 
we  are  assured,  none  shall  see  <iod." 

While  I  would  tlius  elevate  mind  to  its  truthful  distinction  and  pn»- 
cniinence,  I  would  say  nnthin;;  to  disparagt*  the  material  aiul  living  cn*a- 
ti<Mi.     While  ]>hysiristN  ;iv.n  i)>e  all  to  matter.-  all  matter,  all  life,  all  niimU 
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meanii  t<»  aiU  life,  aoiQ  t-h  tLe  rxhiliiiii<n  of  &ii  imiMi  ii}h«»  ilii>  e^rth.  Wo 
isee  G<id'r>  ^viid  desi^  in  pLy^^iral  nanin-,  auid  that  lU'siirn  wo  niuM  ixvtT- 
eiK«.  uid  learD  to  ad'<re  Him  in  tbf  f^ublimitv  <*f  bi>  works.  >Vitht*ut 
this  materxaLl  tanh.  and  «in  that  lii:lit>  sani  warms  it.  thone  wi^ukl  be  hoik- 
4^  the  life  that  wr  brh^ild — would  not  W  human  x:mls  u*  ]iei^}>le  iK'aw*!!. 
Climate,  it  is  \<»  be  admitted.  doir>  make-  the  Ea^iuiman  aikI  the  Negtx* 
what  thevanr.  Unfriendlv  to  Uft*  and  its  happiest  }ihysicAl  develfpmeni^ 
it  is  ah4>  nnfmndlj  i*»  intt-UectnaL  t<*  moiaL  and  reli^ous  culture :  and  it 
al«*  fails  eitlier  in  the  lirriduction!''  needful  for  mau*^  us^es  aini  impn>\'e> 
ment.  or  produce^  animal  and  vtr^t^ble  life  &o  nmkly  a>  x<*  t«ver-ma«or 
the  unskilled  native,  until  he-  shall  lie  helped  by  the  stroiip^^r  ami  more  in> 
ventive  man  of  the  t«m]ierate  £«iue.  But  it  follows  not  that  the  mind  is 
the  production  of  the  >urn>undin<;;  jihysii-al  cau^e^.  but  only  that  tlic:^ 
have  n<»t  su  well  developed  tlie  instrument  the  mind>  must  u>e  :  and  <x>n- 
sequentlj  the  minil  itself  is  not  so  fully  developetl. 

The  miml  it  is  that  i»  ever  eonquerin^  nature  aiul  moulding  matter  ami 
ruling  life.  It  rei'laim>  the  csarth  to  culture,  fells  tlie  forest,  drains  tlu' 
morass.  de«trovs  wild  beasts :  mines  the  fuels  and  met:ils :  makes  and 
applies  in»n  to  its  ten  thousand  use!> :  constructs  railroads  and  telegraphs: 
creates  tlie  arts  awl  sciences :  educates  maiikiml  genendly  unto  a  higher 
<nvilizatioiL.  and  makes  a  large  pn»]»ortiou  almi^t  what  they  sliould  l^e : 
that  is  to  i«ay,  learned,  temperate  and  wise,  lovers  of  man  and  worshiiH^rs 
of  God  :  and  all  are  advanced  in  moral  contluct,  except  tlie  imni'laimably 
vicious.  The  task  remaining  before  our  humanity  is  to  endeavor  to  cause 
the  people  to  axiproximate  the  standanl  of  perfection:  and  if.  |H^nidventure. 
"we  get  a  nugority  of  such,  the  world  will  have  made  iuesiimal>le  pn>gress. 
And  why  should  we  not  all  strive  for  such  c«»nsumiuatiou  ?  In  every  branch 
of  business,  men  exert  a  wonderful  amount  of  common  s«MiSi>  and  acute- 
ness  of  thought,  an<l  achieve  admiral »le  success.  1  lalf  the  like  assiduity  ami 
culture  directe<l  upon  their  owu  minds  would  produce  a  tninsfonnation  of 
character  and  increase  of  intelligence,  that  wouhl  excite  their  wonder  ami 
the  atlmiration  of  the  world.  Mind  onlv  can  do  it.  but  mind  can  work  the 
<^n8ummation;  and  tliat  is  the  great  hope  of  all  tlioughtful.  ginnl  men. 

In  all  ages  men  liave  spoken  of  matter  and  mind  :  of  the  tlesh  and  the 
spirit;  of  body  and  soul,  as  things  of  contrasteil  nature,  and  as  at  strife. 
until  one  has  attained  the  rule  over  the  other :  and  if  that  rule  l>e  of  the 
flesh  or  the  sensuiil  passions,  it  is  a  dominion  of  sun^  degnulatxon  and 
early  destruction ;  but  if  it  be  of  the  truthful  mind,  then  is  it  a  dominion 
of  peace  and  wisdom.  Paul  said  :  *'  1  see  another  law  in  my  members 
warring  against  the  law  of  my  mind  ;'*  with  the  sin  in  thosi*  niembcM's  his 
flense  of  duty  was  also  at  war :  and  to  desist  fitini  fultlllment  of  the  si'nse 
of  duty,  was  to  him  intolerable  woe.  Mankind  have  always  made  such 
contrast,  and  adopted  their  lesson  of  discipline  from  the  retiuisition  of  an 
exacting  conscience,  and  by  induction  from  surely  obseiTwl  facts.  And 
when  our  friends  are  with  us  in  life,  what  is  it  that  so  much  engages  our 
attachment  and  love  and  veneration  for  them  ?  Not  sui^ely  the  btMly,  ex- 
cept slightly  by  association,  since  it  is  the  temple  where  higher  excellence 
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dwell ;  but  it  is  the  iiitellij^ent  miiul,  the  loving  hcai-t,  the  well-tried  vir- 
tues. And  when  death  has  taken  our  friend,  for  wliat'is  oiir  sorrow?   Not 
for  the  botly,  so  little  dihtiiij^iishable  from  other  Ixxlies,  but  for  the  inteU 
lectual  and  social  companion,  who  had  requited  our  love,  but  may  never 
again ;  that  iustrurtor  and  adviser  with  whom  we  took  wise  counsel,  but 
shall  no  more  on  earth  forever.    It  is  for  the  social  and  goo<l  and  geueroii8> 
mind  that  we  grieve  witli  a  grief  that  refuses  to  be  comforted,  except  a» 
we  find  it  in  the  faith  that  assures  us  we  shall  meet  again,  never  again  U> 
l)e  separated  ;  a  necessary  faith  of  human  consolation,  and  therefore  proof 
to  oui'sc'lves  that  our  minds  and  viriuous  affections  sluill  be  iiumortaL 
This  wjis  the  testim<my  of  Huckle,  as  to  his  own  exi>erience«  and  reflec- 
ti<Mis  after  he  had  witnessed  the  slow  decline  and  death  of  his  beloved 
mother;  testimony  that  refuted  the  skepticiil  philosophy  of  his  life  ;  and 
lias  redeemed  his  menu)ry  from  apparent  heaitlesfcness,  and  made  it  very 
beautiful  to  those?  whose  philosoi)hy  grasps  the  immortality  of  the  soul. 

Matter  and  life  are  always  undergoing  changes,  and  Ijoth,  in  the  human 
hotly,  kept  in  health,  will  live  through  length  of  happy  years  ;  but  at  some 
time  they  will  hasten  towards  <lissolutiou,  and  come  to  the  end  of  their 
organism  :  and  the  life  will  only  theivafter  continue  as  it  has  lieen  im- 
l)arted  tt)  oflspring.  But  mind  or  thought  is  everlasting,  if  there  can 
only  be  found  im])erishable  material  to  hold  its  expres.sions.  If  the 
)>rinted  i)age,  or  the  canvas,  or  marble  will  endui*e,  the  thoughts  of  the 
author  and  artist  will  hist  ft>rever.  The  etenuU  thought  can  then  ouly  be 
assailed  through  its  allied  i>erishable  nuiterial ;  and  that  mind  shall  never 
IKjrish,  it  only  needs  an  iniiH-'rishable,  a  *' celestial  body;''  and  that  it  should 
be  translat^nl  into  one,  (»r  live  indeiK?ndently  of  one,  should  1k5  no  more  a 
mystery  to  ])hil()M)pliy  than  that  the  human  soul  has  existed  in  its  mortal 
habitation;  is  not  more  que>ti(mable  as  within  the  iK)werof  the  Almighty 
and  His  fullillment  of  the  logic  of  His  creation,  than  the  fact  that  a  blade 
of  grass  shall  grow,  or  that  tiiis  body  is  now  the  habitation  of  a  human  life. 

The  subject  of  this  <liscoui*se  might  Ik?  continued  thnmgh  volumes,  and 
the  writer  be  all  the  while  dealing  with  as  veritable  realities  as  those  that 
«»ccui)y  the  physicist  or  naturalist,  whose  great  deficiency  so  <»ften  is,  that 
he  becomes  .so  wedded  to  the  material  that  he  disregards  the  mental  and 
moral  in  his  philosophizing,  and  is,  thercfon^,  possessed  of  but  lialf  the 
lat-ts  ncffdful  as  a  basis  whence  to  make  induction  of  all  the  great  truths 
of  Creation.     He  needs  to  know  nu>rc  to  l>ecome  wiser  and  more  chari- 
table ;  and  the  metaphysician  and  theologian  also  need  to  kntiw  all  the 
truths  of  physical  nature  the  former  can  devel*q>,  all  of  them  God's  truths, 
that  they  may  become  more  fully  infonned,  and,  i>erhap89  more  chari-    — 
table :  that  they  may  clearly  kn«»w  the  i)hysical  works  and  laws  of  the  -^i 
Creator,  and  the  more  perfectly  love  and  adoi-e  Him.     Each  class  is  in^^j 
possession  of  numlK'rless  invaluable  truths,  but  neither  jKissesses  so  manj 
as  it  shouhl  kn(^w ;  and  this  is  partly  owing  to  the  wall  of  jtartition  their 
hostility  has  erected  between  tliem.     While  it  is  natui*al  that  each  shoul* 
cling  stron^ifly  to  its  eonvicti(»ns,  these  i'onvictions  nmst  Ikj  based  upon 
facts  requisite  to  truth,  that  they  may  endure. 

And  here  let  me  not  be  understocMl  as  making  a  general  charge 
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materialism  against  physicists,  for  I  am  happy  in  believing  that  the  great 
majority  of  physicists  are  not  materialists.  I  give  credit  to  all  who  dis- 
avow a  materialistic  faith,  including  Dr.  Iluxley  ;  giving  credit  to  the  like 
disavowals  here,  there  is  no  materialist  known  to  me  in  this  Society.  I 
have  been  enabled  to  use  the  authority  and  facts  furnished  by  eminent 
physicists,  with  great  advantage,  to  sustain  the  views  expressed  in  this 
essay,  as  those  of  Bichat,  Morgan,  Carpenter,  Holmes,  and  Tyndall. 

While  the  drift  of  Professor  Huxley's  lay  seimon  favors  materialism, 
there  is  that  in  ** systematic  materialism''  that  rc]>els  him  as  something 
pernicious.  The  last  words  of  the  sermon  are  these:  **The  en*ors  of 
systematic  materialism  may  paralyze  the  energies  and  destroy  the  beauty 
of  life."  He  has  some  other  faith,  therefore,  which  preserves  him  from 
the  deadly  influence  he  deprecates,  and  the  loss  of  the  sense  of  the  beauty 
of  life  which  he  loves.  It  can  only  be  a  more  elevating  philosophy,  by 
his  concession,  that  can  preserve  to  us  a  sense  of  the  beauty  of  life  ;  may 
we  not  say,  **  tlie  beauty  of  holiness?"  Such  good  fniit  must  be  proof  of 
the  greater  truth  of  the  higher  philosophy  he  conceives  and  believes,  yet 
does  not  explain  or  advocate,  but  has  sought  to  supplant.  Now  how  only 
do  men  attain  their  highest  sense  and  example  of  this  ** beauty  of  life?'' 
It  is  by  a  belief  in  the  immortal  life,  and  by  cherishing  the  highest  ideal 
of  perfection,  which  that  belief  ever  presents  to  our  apprehension,  with 
an  obedience  to  the  ii\j unction  to  strive  to  be  perfect  as  the  higher  per- 
fection ;  even  looking  to  the  perfection  *'of  our  Father  in  heaven."  That 
cannot  be  the  truth  of  life  that  could  "  paralyze  the  energies  and  destroy 
the  beauty  of  life."  Why  then  seek  to  build  up  a  philosophy  which  con- 
demns itself?  Why  seek  to  establish  a  theory  at  which  our  given  sense 
of  truth  and  beauty  revolts?  Why  seek  to  entomb  the  mind  in  matter, 
and  thereby  lose  our  own  soul  ?  The  useful,  the  beautiful,  and  the  per- 
fect in  God's  creation  attest  the  truths  thereof  and  that  it  is  His.  It  re- 
mains ever  to  be  a  sure  test,  by  their  fruits  are  all  things  to  be  known. 

I  would  now  leave  it,  as  the  testimony  of  one  who  has  lived  longer  than 
the  allotted  three  score  years  and  ten,  not  unobservant  of  men,  nor  unre- 
flecting upon  the  question  of  the  wherefore  of  our  being,  with  a  mind 
consciously  open  to  the  reception  of  every  truth  presented,  for  all  that  the 
conviction  of  one  mind  may  be  worth, — that  the  doctrine  of  materialism 
cannot  be  adopted  as  a  belief  of  mankind,  until  men  shall  become  capable 
of  confounding  things  the  most  opposite  in  nature  ;  until  they  can  believe 
that  light  can  be  darkness  ;  good  be  evil ;  right,  wrong  ;  not  until  men  can 
dissever  eflect  from  its  due  cause  ;  logic  from  reason  ;  creation  from  its 
Creator.  Not  until  then,  will  they  confound  mind  with  matter.  All 
nature  demands  a  broader  and  truer  interpretation,  wherein  every  part 
shall  have  assigned  to  it  its  just  signiflcance,  and  unto  the  whole  its  ade- 
quate import  be  ascribed.  Each  and  all  imply  no  less  than  that  there  is  a 
Creator,  and  that  tlie  human  soul  has  a  life  immortal.  If  the  soul  of  man 
has  not  this  signiflcance,  then,  truly.  Creation  is  without  adequate  motive 
or  result  for  all  eternity.  But  if  we  be  children  and  heirs  of  God,  there 
is  a  sufficient  solution  of  the  purpose  of  our  being,  and  an  object  woilhy 
the  glory  of  the  universe. 
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C'OUHKLATIONS  OF  COSMICAL  AND  MOLECL'LAK  P'ORCE. 

Hy  PlIXY    EaKLE   ClIAfjtK, 

Professor  of  PhysicH  in  Haverfonl  College. 
(liCitd  befoi'f  t/ie  At/Hiiciiu  I'hilosophicdl  Variety,  February  XHith,  1872. > 

If  it  be  )x»*aiite(l 

1.  That  all  forniH  of  torreHtrial  organic  energy  are  traiisfomied  uuxliflcai 
tioiis  of  solar  radiation  ; 

2.  That  centrifugal  and  eeiitrix)ctal  energies  tend  coiitiniially  to  eqiiili^ 
riuni : 

<l.  That  the  kinetic  energy  of  a  iterfectly  elastic  medimn  under  coiista^^ 

pressure,  1>ears  a  deiinable  ratio  to  its  kinetic  energy  under  consta 

volume : 

Then  the  kineiir  energy  of  dinnoeiated  tntUr  itlwuld  he,  appmxinnttefyy,         ^o 
ihe  khietie  energy  of  terreMrial  rerolufion^  fts  the  />/<mx  of  the   earthy  i*  ^o 

the  fiiUM}*  of  the  xtm. 

And  the  energy  of  hydronirboun  should  be,  ftppro.rituately,  to  the  iM* 
of  diifMor totted  water,  fin  eluatir  energy  undtr  eonatanl  rolmne^  m  to  elm 
energy  under  eonMnnt  pre^Harr. 

For  the  measures,  of  the  energy  of  giiseous  combustion,  and   of 

energy  of  orbited  revolution,  are,  rcsiK?ctively,  the  mean  height  of  08ci 

tion  excited  by  the  igneous  energy  of  the  combustible  compound,  s 

the  mean  distance  from  the  sun  at  which  the  eai*th  is  sustained  in 

orbital  revolution.     It  is  evident,  from  the  well  known  laws  of  olaHticl' 

tluit  if  a  iHjrfoctly  elastic  body  were  lifted,  in  ntrHo^  to  anygivcu  heig*!" 

and  then  let  fall,  it  would  rebound  to  the  height  from  which  it  fell, 

this  oscillation  would  Imj  i)eri)etual,  unless  disturbed  by  extraneous  fore." 

in  the  sjtme  way,  and  for  a  similar  reason,  that  the  eaith  continues 

elliptical  oscillation  about  the  sun.     Inasmuch  as  the  total  radiating  foi- 

is  considered  in  each  instance,  [the  time  consumed  in  storing  up  and  ^" 

liberating  the  accumulated  solar  energy  being  left  entirely  out  of  qii< 

tion,  ]  the  element  of  vehnnty  is  not  involved   in   the   ])reliminary  det4 

mination.     It  may,  however,  Ihj  subsequently  asceitained,  if  doKiredr 

the  formula,  r=^\  .>  „;, 

-  gn. 

It  is  evident  that  the  dissociated  oxygen  and  hydrogen  tend  t<i  ex]ia&> 
in  consequence  of  any  lilH*nited  interior  energy,  under  constant  ezter 
pressure,  while  the  hydrocarbons  are  restrained  by  the  cohesive  fo 
which  tend  to  maintain  a  consUmt  volume. 

F(»r  the  puriM)se  of  testing  the  accordance,  both  of  the  iKtstulates  ft 
of  the  conclusions,  with  the  facts  of  observation  and  experiment,  it  inij 
be  deemed  sufhcient  to  contine  «ittention  exclusively  to  the  lightest 
most   elastic   gas,  and   to  the  lightest  and  most  volatile  liquid,     liti- 
believe  the  sanu?  principles,  with  simple  intHlitications,  are  applicable 
all  f<»rms  of  matter,  an«l  I  have  alrea<ly  extended  the  investigation,  "^^ 
s<Mue  en<>(mraging  results,  to  inorganic  elements  and  conqniunds.     I  8 
join,  from  Muspratt's  ChemiNtry.  all  the  elements  and  protluct*  invol 
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in  the  unstable  equilibria  of  organic  life,  for  which  I  have  been  able  to 
find  any  recorded  experimental  value.  In  all  cases  which  have  been  tested 
by  more  than  one  observer,  the  kinetic  ratios  represent  the  mean  of  all 
the  latest  and  most  authentic  results.  For  convenience  of  expression,  I 
employ  the  following  symbols : 

d— length  of  terrestrial  day. 

y'— duration  of  orbital  revolution  of  the  earth. 

y"—         "  '*  "  **  the  moon. 

y"'—       **  *'  **  **  a  hypothetical  satellite  at  the  smr- 

face  of  the  earth. 

^^32.0874377  feet. 

I— radius  of  the  earth=20,923,654  feet. 

c',  c" Cxxi  ^  combustible  (hydrogen,  ether, carbon). 

TxCrY' ^'xvi  )""Pr<xiuct  of  combustion. 

tx  (^'>  ^" ^xTi  )^thermal  units,  or  number  of  pounds  of  water  heated 

1^  C.  by  the  combustion  of  1  pound  of  Cx 
J— Joule's  equivalent,  iYj%  ™^^® — pounds, 
ir^;^— weight  of  ^Tx  •  weight  of  c^g. 
7'— mean  height  at  which  the  earth  is  suspended  under  the  centrifugal 

force  of  the  sun. 
^//_  ((  n  4*  moon    "        **  centrifugal    force    of 

the  earth. 
^^i-.mean  height  at  which  y^  would  be  suspended,  in  the  oscillation 

maintained  by  combustion  and  gravitation-^/X^i-  ■-  2M?a.. 
y'-^lij^m^/ij,^   approximation   to  solar  mass  in  units  of  earth's  mass, 

furnished  by  Cj.. 

A;j;^-kinetic  ratio  of  cx=f'x^'"' 

/'jT-ratio  of  exi)erimental  to  theoretical  value  of  kj.. 

m'y  m"y  wi'^—mass  of  sun,  earth,  moon. 

Cj;  Symbol.  ^x  ^x        ftx        Authorities* 

1  Hydrogen  II  HO  1.000  1.000  I),  II,  G,  F&B,  A 

2  Ether  C\H,0  4COj,5HO  1.494  1.004  D.,  F&S. 
SOUveOil  Ojlfi  10062,8HO  1.495  1.004  D. 

4  Terebene  C,„H^  10CO2,8HO  1.503  1.010  F&S. 

5  Marsh  Gas  C^H^  CO„2HO  1.518  1.020  D.,  G.,  A.,  F&S. 

6  Amylic  Ether         ^\^luO  10CO.„11HO  1.521  1.022  F&S. 

7  Phosphorus  P  PO3  1.529  1.027  A. 

8  Oleflant  Gas  CH  C02,HO  1.534  1.030  D.,  G.,  F&S.,  A. 

9  Oil  of  Turpentine  C..II»  5(.H)„4HO  1.542  1.036  G.,  F&S. 

10  Oil  of  Lemons        C.oHh        10CO»8HO      1.545  1.038  F&S. 

11  Fusel  Oil  0,oH,A  10CO„12HO    1.596  1.072  F&S. 

*A.,  Andrews.  D.,  Bnlong.  F&S.,  Favre  and  Silbermann.  O.,  Oraitfti.  H.,  HeM.  I 
TCiject  Balton's  determinations  of  Ar^  for  camphor  (2.808),  because  in  nearly  every  instance  ke 
obtained  much  higher  values  than  any  later  experimenters.  Further  experiments  with  that  svb- 
•Umee  (Ci*H«0,  yielding  1UC02,8H0)  woald  be  interesting,  and  perhaps  suggestive. 
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12  Alcohol  C\H«(),  4CO„6IIO  1.001  1.076  D.,  G.,  P&S.,  A. 

13  Cyanogen  C,N  SCO,,N  1.647  1.106  D. 

14  Acetone  C3II3O  8C0^3IIO  1.681  1.129  F&S. 

15  Wood  Spirit  C,H,0,  2C'0,,4H()  1.722  1.157  G.,  P&8. 

16  Carbon  C  CO,  1.853  1.245  D.,  G.,  H. 

The  following  examples  indicate  the  manner  in  which  the  several  valim 
are  determined  : 

h'^JXV^^w'  =  }l^^X  -^^  -280.5  miles.* 

1320      2>9 

r    .        o  1^>3     8059x11     ,^.  ^  ,, 

A,i=/>f,,.2,.,i=-3,^y    ^-^^--17..7" 

Axi="/4xi  •  '*i""  1.500 
If  an  elastic  fluid  is  lifted  above  the  earth*s  surface,  subject  to  the 
(nearly)  constant  pressure  of  gravity,  the  superficial  pressure  varies  as 

(  — ^  j  *  and  tlie  volume  as  ( —^  j[  '     The  value  of  h  for  HO  being, 

we  have  seen,  501  miles  (or  twice  /t„  which  represents  the  niean  height  of 

j  —1.4886. 

This  con'esiK>nds  approximately  to  the  experimental  valuation  adopted 
by  Tyndall  (1.421),  and  is  almost  identical  with  the  experimental  kinetic 
ratio  of  ether  (1.494). 

y ' '  '==3  n  r  ^  ^=5074  seconds, 
y'/— 27  dys,  7  h.,  43  min.  12  s. 
7,"^{y"  ^y')i\r^'l'^'i\y^'i  miles. 
By  my  hypothesis, 

//'  :  r/  : :  m"  :  m'     .'  .m'^^iu"  ~ 

h' 

And,  according  to  well  known  mechanical  laws. 

'«'-'»"(7)      i^) 

Solving  the  equations,  we  obtain  the  following  values  : 

Sun's  mass  330,200 

"    distance  02,039,500  miles. 


'  If  r  roprcsont^  tho  ••xJrom*'  excursion  fif  thi^  exploded  ga>'Oi<.  the  ceutre  of  gyration,  eOtt«W«'- 
ioff  the  i>arth'8  surface  a^  the  axis,  being  .. .  the  -ocoudary  ceutn;  of  oncllUition,  on  th.t>  nivrm 

toward-;  the  centre  f,  ,i<  at  ^.  und   ."J  of:l4.->«-^  <;.  — {45:i;<''  F. 
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THE  IIERSCHELL-STEPIIENSON  POSTULATE. 

By  Pliny  Eaule  Chase. 

{Head  before  the  American  Philosophical  tiyociety,  March  Ist,  1872.) 

Of  the  three  postulates  which  I  submitted  to  the  Society  at  its  last 
meeting,  I  presume  the  first  will  generally  be  considered  the  most  ques- 
tionable. The  hypothesis  of  Herschel  and  Stephenson,  that  the  coal  con- 
sumed under  our  boilers  merely  imparts,  to  the  steam,  solar  energies 
which  have  been  imprisoned  for  ages  by  the  molecular  attraction  of  the 
carbon  paHicles,  has  been  commonly  accepted  as  a  beautiful  poetical 
fancy,  having,  perhaps,  some  indefinite  foundation  in  truth.  Few  per- 
sons, however,  can  have  indulged  the  exjiectation  that  so  vague  a  surmise 
would  ever  yield  any  satisfactory  numerical  results,  and  it  will  not  be 
strange  if  even  the  close  coincidences  to  wJiich  it  has  led  me,  may  be 
regarded  by  many  as  merely  accidental. 

The  following  comparisons  show  tlie  character  of  the  agreement 
between  estimates  of  solar  distiince,  mass,  and  parallax,  based  upon 
various  chemical  and  astronomical  observations  : 

I.     By  Flame  Analysis. 

AcconllDiif  to  Experiments  of  Distance.  Mass.  Parallax. 

Andrews 93,031,000  340,950  8.73 

Favre  and  Silbermann. .  92,471,000  338, 4:K)  8.839 

Grassi 92,460,000  328,370  8.84 

Dulong 92,3(»3,000  327,290  8.85 

Hess 92,298,000  320,590  8.a56 

II.     By  Astronomical  Compitation. 

Aoeonliug  to  ( -alculationH  ot  Distance.  Mass.  Parallax. 

Encke 95,31 1,000  359,030  8.570 

Liais 93,309,000  337,440  8.70 

Newcomb 92,380,000  327,480  8.848 

92, 152,000  325,040  8.87 

, Stone,  corrected 91,945,000  322,900  8.89 

Hansen 91,072,000  319,990  8.91()5 

Stone 91,512,000  318,320  8.932 

Leverrier 91,329,000  310,470  8.95 

Wineke 91,180,000  314,9:10  8.964 

My  own  faith  in  the  significance  of  such  coincidences,  and  in  their  sug- 
gestive value  as  indications  of  an  instructive,  intelligent  as  well  as  intel- 
ligible, purpose  in  nature,  inclines  me  to  the  acceptance  of  speculations, 
based  on  thermodynamic,  spectroscopic,  and  analogous  theories,  even 
before  all  their  premises  have  been  i*ccognized  as  either  axiomatic  or 
rigidly  demonstrable.     The  desirableness,  however,  of  completing  the 
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l)roof  as  soon  as  possible,  must  bo  admitted,  aud  I  now  submit  Bome 
fiii't her  considerations,  which,  in  my  own  judgment,  impart  a  more  strictly 
mathematical  chanicter  to  my  fundamental  i>08tulate. 

It  is  well  known  that  tiie  velocity  acquired  in  falling  towards  an 
attnictive  centre,  depends  upon  the  attracting  mass  and  the  distance 
fallen  through.     In  other  words, 


It  is  moreover  evident  that  in  any  perfectly  elastic  pailiclc,  oscillating 
peri>etually  in  a  compound  orbit,  about  two  centres  of  attraction,  as  in 
the  hypothetical  case  of  wat4}r  vapor,  set  in  motion  by  the  force  of 
chemical  combination,  if 

m  OC  2/(1, 

the  i)ro])oi'tionate  velocity  communicated  by  gmvity  varying  as  -»  ^,  the 

proi)onionate  livinj;  force  will  vary  as  "  .    The  mean  amounts  of  living 

d 

force  imparted  by  each  of  the  two  atti*acting  centres  will  then  tend  con- 
stantly to  etiuality,  tlius  counteracting  any  indefinite  expansion  or  con- 
ti-action  towards  tlie  centre  of  prepondering  attraction,  which  would 
otherwise  gr.idually  draw  the  oscillating  boily  to  itself.  This  exigency 
can  l>e  satisfied,  and  a  i)erpetual  osi-illation  maintained  by  Uie  coi^oint 
action  of  gravity  and  elasticity,  only  when  2/i  has  the  proportional  value 
here  indicated. 

The  (luestion  may  be  approaclied  in  another  way.  The  sustaining  m 
/•/>'/  of  the  earth  in  its  orbit,  having  been  acquired  by  a  virtual  fall  through 

the  half-radius  (7/ '=     ),  let  it  Imj  i-equired  to  find  the  proportionate  part 

of  the  p<»ssible  fall  which  will  sustain  the  elastic  oscillation. 
Since  the  attra<-ting  forces  (or  the  virtual  nitisses  acting  at  the  point  of 

disturbance  I,   vary  as  "*„  the   virtual   centrifugal  forces  will  vary  as  '  . 

Then  ,,  , 

2//"  :  il"  :  :  '/;     :    "*    :  :  ///"  d'  :  m'  d" 
d"      d' 

.  • .  2//"  cc  "^y! ;  '""  cc  '"' ;  ///  cc  2/*  a  d. 

,n'    '  2//'         d'' 

At  whatever  distance  from  the  centime  the  elastic  particle  encounters  an 
obstacle,  a  jiortion  of  the  force  must  be  communicated  to  the  obstacle, 
originatinj]f  new  molec\ilar  motions,  which,  if  they  ccmld  all  be  known, 
wo\ihl  show  that  the  ag^^i^'gate  amount  of  force  is  still  maintained.  The 
ft>ll<^wing  attempt  to  trace  a  portion  of  the  tninsmitted  forces  of  inter- 
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rupted  oscillations,  may  perhaps  suggest  others  that  will  be  more  com- 
plete and  satisfactory  : 

m'        sun*s  mass 
L«^  .^"-earth'^rass-^l^'^* 
rf'— 91,328,000 
^''— 3,962.8 

^'     —       290.85 

in' 

v'  —  hourly  velocity  of  a  body  revolving  at  the  distance  d'  from  the 

sun's  centre,  or  at  the  distance  h''  from  the  earth's  centre,  —  65,062.4 

miles. 

In  consequence  of  the  solidity  of  the  earth,  the  hypothetical  perpetual 

oscillation  of  the  combined  H  and  O  through  the  major  axis  2h"y  must  be 

maintained  at  d"  instead  of  at  h"  from  the  earth's  centre.     Its  maxi- 

2A" 
mum  velocity  is  therefore  only  \,7  of  p',  which  —9609.36  miles  — 9.24X 

the  equatorial  superficial  velocity  of  rotation,  or  9.01 65 X  the  velocity  at 
the  centre  of  oscillation  of  the  semi-axis  h. 

The  reaction  of  the  elastic  atmospheric  particles,  in  their  continual  re- 
bounds from  the  earth's  surface,  under  tidal,  thermal,  chemical,  and 
molecular  influences,  should  contribute,  in  connection  with  the  motion  of 
revolution,  to  a  rotary  motion  in  the  earth  itself.  The  following  coin- 
cidences, at  the  boundary  lines  of  the  interior  (Telluric)  and  exterior 
(Jovian)  planetary  systems,  seem  to  render  it  probable  that  a  reference  to 
centres  of  oscillation  may  ultimately  account  for  the  masses,  order  of  ar- 
rangement, and  times  of  rotation,  of  the  several  planets  and  satellites,  as 
well  as  for  their  period  of  revolution. 

If  we  assume,  in  the  sun,  as  well  as  in  the  oscillating  II^O,  a  virtual 

r 
centre  of  oscillation  at  the  distance    ^  from  the  diametrical  centre,  the 

oscillating  centre  will  move  about  a  sphere,  which  has  a  volume,  propor- 
tioned to  that  of  the  solar  sphere,  as  1  to  9^. 

If  all  the  asteroids,  satellites,  comets,  meteors,  and  undiscovered  planets 
in  our  system  constitute  an  aggregate  equivalent  to  the  mass  of  Uranus, 
the  mass  of  the  sun  is  729  (^9^)  X  the  planetary  mass,     {a,) 
729X  J  (^9'^)  solar  radii  —  distance  of  Mercury,     (b.) 
729X1  (— 9»)      "        "    —  distance  of  farthest  asteroid,     (c.) 
729X9  (—9*)      «*        **    —  distance  of  Neptune.     (</.) 

Theoretical.  Obsene^l.  Theoretical  Error. 

.0013584  4. 009 

aj,353,000  —.027 

312,388,000  —.008 

2,743,216,000  -  .017 


*  The  value?  are  taken  from  Norton's  Astronomy. 


a 

.0013717 

b 

34,430,000 

c 

309,870,000 

^ 

2,788,833,000 
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FURTHER  APPROXIMATIONS  TO  THE  SUN'S  DISTANCE. 

By  Puny  Eakle  Ciiask. 
(lititd  before  the  Amerieau  Philottojihiral  Sockty,  April  btk,  1873.) 

If  it  be  tnie,  io^  is  coinmonly  and  very  plauHibly  suppoRed,  that  molecu- 
lar and  cosmical  laws  have  many  significant  analogies  which  are  yet  un> 
discoveretl,  it  may  be  well  to  seek  lor  sncli  analogic  wherever  we  may 
reasonably  hoiw  to  find  tlieni. 

The  height  of  oscillation  which  I  have  assumed  a«  the  measure  of  the 
igneous  energy  of  comb\istibles,  is  less,  and  the  resulting  estimate  of 
solar  mass  and  distance  is  greater,  if  the  combustible  is  dense,  com])Osite, 
or  of  small  specific  heat,  than  if  it  is  nire^  simple,  or  of  great  specific 
lieat.  It  seems  likely  that  even  hydrogen,  the  most  volatile  of  all  known 
substances,  may  have  undergone  some  condensation  and  loss  of  specific 
heat,  and  that,  therefore,  my  first  estimates  by  fiame  analysis*  were  all 
slightly  in  excess.  This  opinion  is  the  moix;  probable,  from  the  fact  tliat 
the  mean  of  the  most  recent  astronomical  estimates  of  solar  diistance,  is 
nearly  one  per  cent,  less  than  the  mean  of  the  fiame  estimates. 

In  searching  for  some  clue  to  the  coefficient  of  condensation  in  hydrogen, 
if  we  accept  the  hypothesis  that  the  luminiferous  osthcr  is  a  ]>erfectly 
elastic  material  medium,  we  may,  perha])s,  be  able  to  detect  some  im- 
l^oilant  relations  between  the  velocity  of  luminous  or  thermal  undulations^ 
and  the  velocity  of  oscillations  which  are  directly  traceable  to  gravitating 
action.  lu  the  pnmary  radiation  and  subsequent  double  concentration 
of  explrxling  hydrogen,  there  is  not  <mly  a  joint  attmction  of  the  gaseous 
particles  for  each  other  and  of  the  whole  for  the  earth,  but  there  is  also 
a  generation  of  luminrms  vil)i*ations,  with  a  velocity  such  as  would  be 

produced  by  a  gnivitiiting  force  //  =«  E<iuivalent  velocities  may  be 

genenite<l  by  masses  of  diflerent  magnitiules,  pntvided  the  motion  is 
orbital  with  radii  vai-j'ing  as  the  masses,  or  the  fall  is  virtually  continued 
to  the  t^enti*e  from  heights  equivalent  to  twicA^  those  proportionate  radii. 
With  these  i)rcliminary  considerations  I  invite  attention  to  the  fr^llowing 
(•oincidences  : 

1.  At  the  ciMitiv  of  oscillation  of  the  extreme  excui'sion  of  exphxling 

II _.()  before  its  fall  tx)wards  tlie  centre  t»f  coiidenssititm,  (J  of  10<>tt.877 

miles  from  the  commencenwnt  of  the  fall,  or  1^ ,-.  1009.877—330.620  miles 

above  the  earth's  surface, )  the  velocity  inii)ai'ted  by  terrostrialgravity  in  one 

/:«.0S<>4:5T7  ^  :U5r>HirK)       /:um2.818    330.020 \   \      ,oi  .o^      m     \ 

y^'^^^v       5280  \     3%2.si8     )■   i8^»i»^""i^*«; 

would  be  closely  coin<'ident  with  the  veltK'ity  of  light.  If  the  coincidence 
is   exact,   r/  (the  Sun's  distance)   is  4l)T.S27-  184,1  :m    91,WJr),370  miles. 

The  value  of  //   corresiMMiding  to  this  distance"'        -  -    5i3.(KM>  miles, 

4r-7/- 

\vlii<'h  is  1.0215  limes  tlie  exiK'rinicntal  //  »501.043  m). 

•  Aut«-.  p.  :«e. 
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2.  In  consequence  of  the  equality  of  velocities  at  r^  and  Tiq^  t  (the  time 

•I 
of  revolution)  och.     If  the  mass  (®-v  3):    81,   (Jf)*'X561. 043:- 571.436. 

In  other  words,  the  actual  :  the  experinhental  value  of  h  : :  the  virtual  time 

of  revolution  of  the  EaHh's  centre,  reLitively  to  the  Moon  :  the  virtual 

time  of  revolution  of  the  centre  of  gra\4ty  of  the  Earth  and  Moon.     If 

tr      \  a 
this  proportionality  is  exact,  the   value  t»f  rj  is         \t>h   '"  91>'798,500 

miles. 

3.  The  greatest  distance  of  the  Moon  from  the  Earth  is  about  03r,  and 

/     -is  nearly  equivalent  to  ^  ,^         If  this  equation  is  exact  h    571.25  ; 

^•=-91,813,400. 

4.  The  velocity  actiuired  by  falling  through  A,  from  the  distance  r  \  h, 
is  nearly  a  mean  proportional  between  the  velocities  of  ten-estrial 
rotation  and  revolution.  If  /<-  569.363,  ij-  91,965,500  and  the  hourly 
velocity  of    revolution    is    2X3.14135>  91,965,500-:- 8766.153 --65,91 1.7  ; 

h-rr 
3600X>  217A  :       '    —  8,280.6,   which  is  a   mean    proportional    between 

65,911.7  and  1,040.3.  I  can  find  no  indication,  in  any  of  the  planets  or 
satellites,  of  a  greater  rotation-velocity  than  is  thus  indicated,  and  as  it  is 
difficult  to  conceive  the  possibility  of  such  a  velocity,  I  am  inclined  to  i-e- 
gard  this  as  the  upper  limit  of  possible  value  for  rj,  and  to  believe,  there- 
fore, that  the  Sim's  mean  distan(^  cannot  be  greater  than  91,965,.500 
miles. 

5.  If  we  take  h'  a  third  proportional  to  r  and  //•  Ih'— )   the  vis  viva 

of  rotation  of  an  elastic  particle  at  the  Earth's  sui'face  :  the  via  viva  at 
A'  : :  the  force  of  gravity  at  h'  :  the  force  of  gravity  at  the  Earth's 
surface  : :  the  velocity  of  light  :  the  velocity  which  would  be  communicated 
by  superficial  gravity  in  one  sidereal  year. 


497.H2 


497.827r>/'|  2/7     --    ^    '      ^ 


v 


h 


If  /t_573.967, -  :    6.tK)425  ;  h'    83.1323  ;  ]    -■  683,279.4  ; 

^--91,595,960. 

We  thus  obtain  live  independent  determinations,  each  of  which  is  based 
upon  considerations,  some  of  which  are  necessary  resultants  of  known 
mechanical  laws,  while  others  are  expressive  of  actual  circumstances  of 
equilibrium,  the  greatest  difference  between  any  two  of  the  results  being 
less  than  one-half  of  one  per  cent.  The  experimental  determination  from 
the  combustion  of  hydrogen  (1),  which  differs  less  than  one-hundredth  of 
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Otic  per  cent,  from  Ilanseii^H  estimate,  and  only  one  twenty-fifUi  of  one 
I>er  cent,  from  the  mean  of  all  the  estimates,  may,  perhai)s,  be  reasonably 
regarded  as  entitled  to  the  greatest  weight.  The  narrow  compass  within 
which  they  are  all  embraced,  and  the  close  approximation  to  the  mean  of 
the  best  aHti*onomical  computations,  may  be  seen  in  the  following  table : 

Newcomb  (mean  of  two  estimates) 93,206,000 

TERRESTRIAL  ROTATION  (upi>er  limit) 91,965,500 

LUNAR  DISTANCE 91,813,400 

LUNAR  MONTH 91,798,500 

MEAN  OF  MECHANICAL  ESTIMATES 91,767,736 

Stone  (mean  of  two  estimates) 91,728,500 

Hansen 91,672,000 

HYDROGEN  EXPLOSION  (1) 91.665,320 

Mean  of  Astronomical  Estimates 91,686,800 

VELOCITY  OF  LIGHT 91,595,960 

Levcrrier 91,829,000 

Winnecke 91,186,000 

Is  it  possible  that  thei*e  c^n  be  anything  deceptive  in  these  figures, — 
that  any  bias  of  unsnHjiecteil  prejudice  may  have  blinded  me,  or  that  I 
have  been  misled  by  mere  fortuitous  resemblances?  The  question 
whether  there  is  not  some  c4)nception  of  force  which  will  unify  centrifugal 
and  centripetal,  luminous,  thennal,  and  gravitating^  action,  is  continually 
recurring;  the  accowlance  of  Faraday's  "lines  of  force"  with  lines  of 
perfect  fluidity,  and  the  fundamental  e<piation  of  oscillation,  favor  an 
affirmative  answer ;  the  increasing  ])opularity  of  the  theory  that  matter 
is  nothing  but  force,  prepares  the  way  for  every  conceivable  approxima- 
tion and  identification  of  ni(»lar  and  molecular  laws. 

If  the  undulations  of  light  have  any  intluenco  ui>on  the  gravity  of 
bodies,  the  velocity  of  light  l)eing  nearly  uniform,  its  influence  should 
tend  ti)  communicate  a  veliKrity  as  nearly  like  its  own  as  gravity  and 
inertia  will  allow,  a  tenden<*y  which  is  presumably  most  manifest  in  the 
most  tenuous  fonus  of  matter.     The  gravitating  velocity, 

r  —         1         — 

i-i  2q?i  oc  -   - -1  2m?t,  being  a  maximum  when  rn  -?i  and  /tOCm* 

r  r  /<  r    h 

it  d(K.'s  not  seem  unreasonable  t<»  look  for  analogies  between  the  extreme 

excursions  (^f  planets,  siitellites  and  gases,  or  l)etween  times,  velocities, 

and  living  forces,  in  the  dii-eotion  of  that  maximum. 

GKNEHAL  RELATION  OF  ATHORAS  TO  RAINFALL. 

By  Pliny  Eaklk  Chase. 

(Rt'titf  btfot'i  t/ti  Atnvviran  PhUoftophical  Society,  April 'ith,  1872.) 

In  order  to  ascciiain  if  the  i)ai'alli'lism,  which  I  have  iK>inted  out  be- 
tween the  <laily  niinfall  and  the  fivqiuMicy  of  auroras,  can  be  traced  in  the 
annual  ciuves,  I  have  const  meted  the  following  table  of  normahi,  fhnn 
data  furnished  by  L<>vci-ing\s  Catalogue  of  Auroras,  and  Loomis*s  Meteor- 
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logy.  The  tendency  to  increase  of  auroi*as  in  clearing  weather,  and 
iminution  in  falling  weather,  is  shown  in  the  Auroral  and  Pluvial 
General  Means : 

Auroras.  Rainfall. 


New 
England. 

Western 
Hemisphere. 

^2 

>-• 

General 
Mean. 

o  o 

"2 

O  0 
50  CI 

General 
Mean. 

Jan. 

89 

96 

107 

97 

78 

97 

110 

97 

Feb. 

100 

107 

125 

111 

75 

95 

103 

91 

Maixsh, 

112 

112 

im 

120 

75 

100 

93 

89 

April, 

107 

108 

110 

109 

83 

100 

89 

93 

May, 

90 

80 

73 

83 

105 

107 

87 

100 

June, 

84 

77 

42 

08 

129 

100 

84 

100 

July, 

92 

85 

45 

74 

141 

103 

84 

109 

Aug. 

109 

103 

79 

97 

138 

97 

89 

108 

^pt. 

120 

118 

119 

119 

119 

92 

101 

104 

Oct. 

118 

117 

133 

123 

90 

94 

113 

101 

Nov. 

90 

103 

120 

100 

82 

102 

120 

101 

Dec. 

81 

93 

105 

93 

80 

103 

122 

102 

INFLUENCE  OF  METEORIC  SHOWERS  ON  AURORAS. 


By  Prof.  Pliny  Earle  Chase. 


(Read  before  the  Atnerkan  Philosophical  Society,  May  IWi,  1872.) 


Professor  Lovering's  discussion  of  the  i>eriodicity  of  the  Aurora  Borealis 
Trans.  A.  A.  S.  Vol.  X.,  Part  L),  not  only  exhibits  maxima  and  minima 
*f  frequency  at  ]>enods  corresponding  to  general  minima  and  maxima  of 
ainfjAll  (sec  above),  but  it  also  furnishes  evidence  of  a  tendency,  in  other 
reat  atmospheric  disturbances,  to  increase  auroral  displays. 

In  preparing  the  following  table,  I  first  took  the  second  means  of 
iOvering's  Table  LI  I.  (containing  10310  auroras,  arranged  according  to 
heir  frequency  on  each  day  of  the  year).  After  grouping  the  results  in 
ive-day  periods,  I  calculated  the  ratio  of  each  ordinate  to  a  mean  ordinate 
f  100.  Against  each  ordinate  which  corresponds  to  a  supposed  meteoric 
leriod,  I  set  the  initial  K.  (Kirk wood's  **  Meteoric  Asti-onomy"),  or  W. 
Wolf;  cited  by  lAivering,  p.  221 ). 
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».  lis 

21.     M 

U<i 

.4.  no 

17.  M 

SI.  IM 

14.  1»  E..  W. 

1*.  117  W. 

10.  IBW 

Jl.  JIS 

W,  Ju 

i.  « 

n.  MB  K..  w. 

30.  W 

Df. 

t.  iisw. 

s.  m  K..  w 

!«.  ]0  K..  W 

I>  »K. 

!».  IM 

■i7.  VI K. 

M.  IM 

1.  «)K. 

IS.  KSK, 

Tlie  t.il>lc,  :i!i  WL'll  uk  the  : 
puouliarities : 
1.  The  principul  maxima  o 


L'liiiiiMliiyiiij;  eurvc,  exhibits  the  follcnriD^ag 


r  the  cquinoxcH,  nnd  are  appareiit]; 
due  to  the  favomhlu  iiiifiitiim  or  the  onrth  for  tlie  development  of 
ing  electric  currentH. 

S.  Tliere  in  an  evident  giiniping  of  meteoric  displays  in  the  vicinitj 
the  maxima  and  minima. 

3.  The  (TTuuiiint;  is  moi'e  strongly  marked  upon  the  aacending,  than  < 
the  descending  sides  iif  the  inflections. 


4.  The  i>i4iicipal  secondary  maxima  (in  Petirnuy,  October,  Sowca}im^ 
and  J)ccem1ier),  exhibit  tiio  most  striking  accordance. 

a.  Nearly  nil  of  the  appni-ent  exi!C])tioii9  to  this  gcnenl  accordance  ax  ■^ 
occaHi'liied  by  the  rsipid  <1echiie  of  the  geneml  curve,  -nliich  is  so  gnat  ^ 
to  veil  the  HulHiniiiiiilc  maximn.  when  tive-iliiy  means  iire  taken. 

<>f  all  the  ineleoi-ie  onlinates  siiKf^iittHl  hy  Kirkwood,  tiichidio);  thoE  ^'"' 
which  ho  reganU  an  di>nlitl^il,  thrco  corrcsiHUid  with  auroral  fninim:  ^'^ 
eitiht  with  increaslii);  anmral  diH|>biys,  twit  witli  ni.ixinia,  ami  only  t^'^'' 
with  ordinateK  of  iliiriinlKhini;  iinmi-nl  freiineiicy,    Tlic  two  exccptitm*"*" 
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ordinates  become  iioi*mal  if  we  examine  the  daily  curve  of  second  means, 
which  shows  Rubordinate  maxima  on  April  19th  and  April  24th. 

Of  the  meteoiic  ordinates  suggested  by  Wolf,  four  coiTcspond  with 
minima,  nine  with  ascents,  seven  with  maxima,  and  six  with  descents  in 
the  auroral  curve.  Of  the  six  apparently  abnormal  onlinates,  only  two, 
those  of  March  31st  and  Nov.  19th,  ai*e  on  descending  inilections  of  the 
auroral  daily  curve  of  second  means. 

There  seems,  therefore,  good  reason  to  look  for  an  increase  of  aiu'oi*al 
displays,  soon  after  every  meteoric  shower. 


PLANETARY  ILLUSTRATIONS  OF  EXPLOSIVE  OSCILLATION. 

By  Pliny  Earle  Chase. 
(Bead  before  the  American  Philosoj)hic(d  Society,  May  \Wi,  1872.) 
The  secondary  centi*e  of  gyration  in  an  exploiled  gas,  on  its  return 

towards  the  centre  of  gaseo\is  mass,  being,  as  I  have  shown,  at  —  - 

(A  representing  the  extreme  excursion  consequent  on  the  explosion),  we 
may  reasonably  expect,  by  refcn-ing  the  planetary  masses  to  similar 
primary  and  secondary  centres,  to  obtain  evidence  relative  to  the  proba- 
"bility  of  the  hypothesis  of  molar  and  molecular  con-elations.  Whether  the 
nebular  hypothesis  be  tiiie  or  false,  the  planets  are  oscillating  under  the 
combined  action  of  centrifugal  and  centripetal  forces.  In  their  continual 
virtual  fall  towards  the  Sim,  they  are  subject  to  such  disturbances  as  arise 
from  their  mutual  intei*action,  and  should,  thei-efore,  tend  to  arrange 
themselves  somewhat  like  the  pai-ticles  of  an  exi)loded  gas.  I  submit  the 
following  exemplifications  of  such  a  tendency,  the  calculations  being 
generally  biised  upon  the  hypothesis  that  the  planets  are  either  in  con- 
junction, or  nebulously  diftused  along  the  entire  line  of  their  orbits. 

1.  Mercury  is  near  the  theoretical  mean  excui*sion    C-tA    «f  the  centre 
of  gravity  of  the  intra-asteroidal  belt  of  planets. 

Mercury*     a^X  .3871  1.2903 

Venus  2oV  .72:«  18.0882 

Earth        :n.a')Xl.        -  31.85 

Mars  :5i;<1.52:n  5.079 


(jij.r)2x  .8804    50.302.) 

JX'^^^W  .4924  from  the  centre  of  gi-avity,  or  .3940  from  the  Sun,  the 
true  distance  being  .8871 ;  ijjiy— 1.0178. 

2.  The  actual  eccentricity  of  Mercury's  orbit  :  the  theoretical  eccen- 
tricity if  the  oscillation  were  referred  primarily  to  the  intra-asteroidal 

•  The  valnen  of  the  aHtrononiical  *»loiiuMit»  an*  tnkeu  from  Xortoir»  Astronomy,  uuIphk 
otherwise  Rtated. 
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centre  of  gi-avity,  nearly  : :  the  actual  :  the  theoretical  mean  ezcunion 
from  that  centre  of  gravity. 

Theoretical  eccentricity,  2X(5     J)— J;  .205515  ^-j— .93483. 
^  {MU  -.3871)  :  J— .81>874;  JSHi— 1-039. 

8.  Neptune  is  near  the  theoretical  explosive  centre  of  the  centre  of 
gravity  of  the  tliree  exterior  planets. 

[2847.4X0.589  :  410.7  Vl9. 182039-^532.5X30.087]^ 
[2847.4    416.7  1  532.5]  -13.472 ;  13.472-:-(l    -J)  ^30.813; 

30.312-^  30.037     1.009 

4.  Neptune's  orl)ital  centre  of  oscillation  is  near  the  orbit  of  Uranus. 

20  02405 
ii  of  30.03097- 20.0240.-);    ^:^^^^   -1.0439. 

5.  The  orbital  centre  of  oscillation  for  Uranus,  is  near  the  centre  ol 
gravity  of  the  three  exterior  planets.     Tlie  mean  orbital  radius  of  Urani 
is  about  twice  that  of  Saturn. 

13.472  (See  No.  3)    :  (JX 10. 182039)     l.a>345. 
0.  The  theoretical  mean  excursion  for  an  cxi^losion  from  the  Sun  t-  ^Ao 
Uranus,  is  near  the  centre  of  gravity  of  Ui-auus  and  Saturn. 
5  of  19.18204     10.057 ;  (2847.4 / 9.539  :  410.7X10.18204)  :  (2847.4-  416.7>:r_^_    --. 

10.7097  ;  10.7097  .-10.057     1.0100. 

7.  The  theoretical  mean  excursion  for  an  explosion  from  the  Sun  t^^^  to 
Satuni,  is  near  the  orbit  of  .lupitcr. 

;  of  9.539    5.299  ;  5.299  -:  5.203     1.018. 

8.  The  centre  of  gravity  <»f  Jupiter  and  Satiu*n  is  near  Saturn's  orbits- .=^ttal 

centre  of  gyration. 

out 7  4 

(1^X9.538852):    (-^--f^  ^  4. 330a5- 5.2028)    -:  1.0220. 
•*  \  121.>4.4  / 

9.  The  theoretical  nu^an  excursion  from  Jui>iter  to  the  Sun,  is  near  i\X  •^^]vf 
inner  limit  of  tlie  asteroidal  Ih'U. 

(1     ■:)a5.202H    2.31230;   2.312:]0  :  2.2014  -1.05. 

10.  Tlie  centre  of  gyration  of  Jupiter's  orbitiil  radius  is  near  the  exteri*^  -S  — iur 
limit  of  tlie  ast^^ixiidal  belt. 

i  of  5.202H     3.4080  ;  3.4080  :  3.42a5     1.01400. 

11.  If  all  the  known  primary  planets  were  aggregate<l  at  Jupiter.^:  -sen* 
orbital  centre  of  gyration,  the  centre  of  gravity  cif  the  solar  system  wou  -»'-^wW 
be  near  the  Siui's  surface. 

3.4(W()    214.80     745.248 ;  759.40  :  745.284     l.OllKW. 

12.  The  centre  of  osi-illation  for  the  exterior  asteroid,  is  near  the  orbc:-^''™^ 
of  the  inner  asteroid. 

j}  of  3.4205     2.2803  ;  2.2803  :  2.2014     1.03.584. 

13.  The  centre  of  (►scillati<m  for  the  theoretical  inner  asteroid,  is  ne&  'S'^af 
the  orbit  of  Mars. 

i-  of  2.2803     1.5202:  1.523091  :  1..5202     1.0023. 

14.  The  centre  of  oscillation  from  Mars  to  the  Sun  is  near  the  orbit  '*' 

the  Kartli. 

H  on.5237     1.015S. 


1872.1  405  [(;haee. 

15,  The  theoixjtical  moan  excursion  fi*oin  !Mai*s  to  tlie  8nn,  is  near  the 
orbital  centre  of  oscillation  for  the  Eaith. 

(1—.})X  1.5237     .6772;  .6772  :-. 6067     1.01575. 
10.  The  theoretical  mean  excursitm  from  the  Sun  to  the  Eaith  is  nearly 
midway  between  the  orbits  of  Merciii'y  and  Venus. 

(.:J871  :  .7233)  :  2— .5552  ;  J -=-.5552— 1.0006. 

17.  The  theoretical  mean  excursion  from  Mars  to  the  Sun,  is  near  the 
centre  of  gmvity  of  Venus  and  Mercury. 

(3iX.3871     25.^.7233)  4  (3J-  25)     .6838  ;  .6838  :-.6772  (See  No.  15)  -    1.01. 

18.  The  theoretical  mean  excursion  from  the  Earth  to  the  Sun, 
is  near  the  extreme  excursion  or  aphelion  of  Mercury. 

.4666  :^(1- J).  1.05. 

19.  The  theoretical  mean  excursion  from  Venus  to  the  Sun  is  nea 
Mercury's  perilielion. 

(1     ^)a. 72333     .32148;  .32148  :.:M)75     1.04542. 

20.  Tlie  theoretical  mean  excursion  from  Mercury  to  tlie  Sun  is  near 
the  limit  of  the  Sun\s  possible  atmosphere  (the  limit  at  wliich  the 
eiiiiatorial  centrifugal  force  is  equal  to  gravity). 

[(1     ;;)  X.3871]  ^X365.2564    26.065  ;♦  26.065  :  25.187     1.035. 

21 .  If  the  several  planets  were  aggregated  precisely,  as  tliey  are  ai)- 
proximately,  at  direct  or  reverse  centres  of  oscillation,  the  centre  of  in- 
ertia of  the  entire  planetary  system  (|  2w</'-  •*  Itn)  would  be  near  the 
^>rbit  of  Saturn. 

(3JXI-  I  25X2-     31.a5/3^,  3itX4-  i  mOli^iS-  i  2847. 4 a 27=^  |  416.7X 
54-'  i  532.5>  81-)  :  (3^  j  25-31.^5  ;  3^  f  9307-2847.4  ;  416.7  j  532.5) 

27.28-;  27.28  :  27     1.0104. 

22.  Notwitlistanding  the  variations  from  centres  of  oscillatiim,  con- 
sequent upon  mutual  planetary  interactions,  the  centre  of  planetary 
IneHia  is  still  near  the  orbit  of  Saturn. 

r/»r2(l,150,671,134)  :-2*m(13167.12)--9.:i48=i  ;  9.5:J89:  9.348-1.0204. 

23.  The  distance  of  the  Moon's  orbital  centre  of  oscillation  from  the 
centre  of  the  Earth,  is  very  nearly  a  mean  proportional  between  the  limit 
of  the  Earth's  possible  atmosphere  and  the  Moon's  orbital  radius. 

(J)2  of  238,800    26,533;  (24  :  1.40937)  X3962.818     26,230; 

26,533  :  20,230     1.01155. 

24.  Tlie  cw  viva  of  revoluticm  at  the  Earth's  surface  :  tlie  equatorial 

t?M  viva  of  rotation,  nearly  : :  Earth's  orbitjil  itidius  :  twice  Moon's  radius 

of  orbital  gyration. 

4v2*W  800 
(17,066  .•  1040.3)^  :  (91,328,(K)0  :  ^        '        )      1.0a545 


*  The  approximate  coincidence  of  this  period  with  Hornstoin's  mHgaetic  cycle  (26%  days. 
VUnna  Academy^  Jane  Vt,  1b7I)  is  noteworthy. 


*:iia.<«o.J  "^"*^  [M»y  1*1 


SOL  All  AND  PLANETARY  ROTATION. 

By  Pliny  Eaule  Ch.vwe. 
\Ui(td  before  the  Anteriran  Philosophieal  tyocUty,  May  16M,  1873.) 
The  similarity  in  the  length  of  day,  between  the  principal  and  sis. 'i>- 


urdinate  planets,  both  in  the  intni  and  tlie  extra-UKteroidal  belt,  is 
obvious,  that  many  attempts,  of  which  KirkwocxPs  is  tlie  most  satisfactor'^t 
liave  bfcn  made  to  formulate  it. 

I  Iiave  long  thought  that  there  is  Home  Himplc  explanation  for  t' 
rotation,  as  well  as  for  the  revolution  of  the  heaveidy  bodies.     My  rece 
investigations  of  explosive  gynition,  liave  yielded  some  interesting  resultJ** 
which,  from  their  relation  to  the  most  imi)ortant  bodies  of  our  sygter»-i» 
encourage  me  to  hojH;  for  further  and  more  minute  developments  oC  » 
like  kind. 

1.  The  sidereal  i-evoluticm  of  the  Moon  :  the  sidereal  rotation  of  tl^c 
Earth,  nearly  :  :  the  equatorial  value  of  </  at  the  Sun  :  the  cquatorl^' 
value  of  ,v  at  the  Earth. 

27.3009  :- 27. 292     1.0Cy27o. 

2.  The  action  of  teri*estnal  sui>eriicial  gravity  against  a  unifor**!* 
opposing  force  for  a  sidereal  half-day,  would  be  sufficient  to  givo  * 
vehK'ity  ecpiivalent  to  that  of  a  planet  near  the  Sun's  surface. 

4:],()H2i^  201.8104  miles;  2a').r»184  :  201.8104  1.01414,  which  is  nearfy 
e<iual  to  1  •  tlie  Earth's  orbital  eccentricity. 

JJ.  The  action  of  the  superticial  gnivity  of  Jupiter  for  a  sidereal  lialf- 
rotation,  would  also  be  sufficient  to  give  a  velocity  equi\'alent  to  that  o^ 
a  planet  near  the  Sun's  surface. 

18,80:5 '2.41.7  *^^70.247:  270.247  :  2(r). 5 184  1.0400:  which  is  nearV 
equal  to  I  ■  .lupiter's  orbital  eccentricity. 

4.  The  acti<ui  of  solar  suiK'riicial  gravity  for  a  sidereal  half-rotatio**^ 
would  give  nearly  the  velocity  (►flight. 

i  of  25. 1808X80, 400//'  180,4(1-);  183,404:180,405-1.0160. 

.").  The  action  of  terrestrial  gravity,  near  the  Earth*s  surface,  for*  * 
sidereal  year,  would  also  give  a  velocity  equivalent  to  that  of  light. 

'Mym,\T){)fj  -  191,792;  191,792-:  18:^,454  1.04r)4r,,  which  is  nearly eqi»»^ 
to  1  •  Jupiter's  orbital  eccentricity. 

(K  The  orbital  radius  of  Saturn  :  Mercury's  orbital  radius,  nearly  : :  ti»"**^ 
of  solar  rotation  :  time  of  teiTcstrial  rotation. 

9.5:^88.5  :  .:JH71     24.042  :  25.lH7-24.042  -1.0321. 

7.  The  di.stance  of  Neptune  from  the  Sun,  is  nearly  equivalent  to  o^^^^^' 
fourth  the  orbit  of  Uranus. 

19.1820:^9- 
^ :  :30.0;37     1.002:W. 

8.  The  mass  of  the  Sun  :  the  mass  of  the  Eartli,  nearly  : :  culw  ^ 
Earth' s  orbital  radius  :  cube  of  Sun's  semi-circumference. 

1214.S0  :-r)*  -:319,894  ;  :^1 9. 81)4 -:  314,000     1.01878. 


1872.]  '*^*  [Chase. 

9.  The  velocity  of  planetary  i-e volution  at  the  Sun's  surface  :  velocity 
of  solar  rotation,  nearly  : :  Earth^s  orbital  radius  :  Sun's  radius. 

955,870^4,421.7    216.173 ;  216.173^214.80-1.00613. 

10.  The  square  of  Jupiter's  orbital  radius  :  square  of  Earth's  orbital 
radius,  nearly  : :  ^  at  Sun  :  g  at  Earth. 

27.292-:  5.2028-'     1.00824  (Compare  No.  1). 


ETHEREAL  DENSITY  AND  POLAIUTY. 

By  Pliny  Eakle  Chase. 

{Read  before  tfte  Aynerican  Philosophical  Society ,  May  \Wi,  1872.) 

If  the  conditions  of  equilibrium  in  a  perfectly  elastic  gas  have  been 

disturbed  by  explosion,  in  the  restoration  of  equilibrium,  the  particles 

will  simultaneously  rush  towards  each  other,  and  towards  the  attractive 

centre  m.     If  h  is  the  extreme  excursion  consequent  on  the  explosion, 

2/i 
the  centre  of  oscillation  of  each  exploding  particle  being  at  —-- ,  the  centre 

»> 

of  gyration  of  its  return  towards  the  centre  of  gaseous  mass    (  --—  )    is  at 

--— .     The  centre  of  gyi-ation  of  the  fall  from   -^—  to  the   Earth,    is  at 
57*     ,         .._...  .  .  5A 


2^7 


above  the  Earth's  surface,  or  at  '•-f -s;=-  from  the  Eartlf  s  centre. 


2< 


If  ^  •  '^  I  -:7=-  ' '  the  orbital  vis  vira  about  a  diameter  -^--—  :  the  vis  vica 
27  9 

5A 
^hicli  would  be  communicated  by  virtual  fall  through  -— -    : :  1    :  4,  we 

5/i  r 

Uave  37r     103/< ;  -^  ^</'  -  577. 1 1 3  miles  ;  ^'  -4)1,345,800  mUes  ;      — - 

C8066;   fyo/jftfl  1  Sfl'rf'    6103  feet  per  second.     The  approximation  of  the 

estimated  velocity  of  hydrogen  (6050,  Clausius ;  6055,  Joule)  to  this 
'theoretical  velocity,  seems  to  indicate  that  the  elasticity  of  hydrogen  is 
nearly  iwrfect.  The  inference  is  strengthened  by  the  close  approxima- 
't,ion  of  my  first  estimates  by  Hame  analysis,  to  the  mean  of  the  best 
•sistronomical  estimates  of  the  Sun's  distance. 

Let   d'- density  of  luminiferous  ao^her;    d"    density  of   hydrogen. 

Calliiig  the  velocity  of  sound  in  hydrogen  4163  feet,  and  the  velocity  of 

light  183,454  miles,  if  the  elasticities  are  the  same  we  have  the  proportion, 

d'  :d"  ::  4163^  :  (183, 454X5280)  ^  : :  1  :  54,130,000,000. 

Upon  the  hypothesis  that  gravitation  is  an  incidental  re-sult  of  setliereal 


IJW-  ' 


t-lllHtk'it.v,   Pnifviwnr  Norton  lins  found*  that   "at  Uie  dixtaiice  80r  the- 
repulsion  l>cconi(!s-vcry  neiirly  tho  Kainc  for  nil  the  usaumed  values  oT 


,VL'  syst 


ii.  and  Ml  iK-ing  cciiti'uH  at  u 
IK  of  the  lethuii^al  ittou 


H  for  tlie  interior  and  extcritw^   -- 


Nowif  r-Snn'B 


.,1- 


awdr'    llcrfury'n  oi'ltital  indiiiH,  r'  is  nearly  eiiuivalcHtto80rX(Bc«.3l>^] 
The  si-ooud  factor  iiiay  Imj  deduced  in  tlic  following  manner : 

If  wc  HupjHMtt)  a  collection  of  spherical  atoms  of  etiiial  magnitude,  eaclC;;:^ 
of  which  has  c<indeUNe<l  around  it  an  aitliereal  envelope,  to  be  arranges  .j^bj 
in  the  niimt  c(ini]>act  nuiiiuer  jsutsible,  the  lines  joining  the  centres  Od:^  gf 
three  contiKiiouH  particlex  will  form  an  eiiuilatcral  tiian(;lc-  If  tli.«:_f^e 
i'nvt'l0)>e  JH  of  Huch  density  us  to  allow  the  iudelinite  rectilinear  trans  .^cLtui. 
miKitiiin  of  waves  between  acljiiccnt  purtidcs,  one-half  the  distanc^^^^fs 
lictween  the  centiTH  of  two  ud,iacent  atoins,  will  be  a  mean  jiroportia 

lietwecn  the  radius  of  the  atom  and  the  distance  bctn-eeu  a  

centre  and  an  atUacvut  aitliereal  centre :  the  ratio  of  the  atomiu  radius  -  j  [^ 
tliG  lialf-iliKtiincf,  and  of  the  lialf-diHtiincc  to  the  iiitcr-central  diHtaiic^b.  ^^ 
\tei»ii  ciich  I'nual  to  the  ratio  of  radius  to  sec,  3(1-.  In  the  accoroponyir-  ^n* 
figuie, 


AH  :  A<'  ::  AC  ;  AD  :;rad.  :  sec.  »>■  ::I  :,  1.33. 

Aci'iii'diii);  to  the  hyiKitbcsis  of  Mossottl,  that  the  letliereal  particl*?'*  lie 

iiiliiiitcKiiiiHl  ill  iiroiHM'tion   to  the  utoiiis,   the  s]>hericity  of  the   n'CMiiic 

surface  may  be  disreKurtlcd,  and  the  virtual  radius  of  the  (etber'*-*''^" 

envelojied  atom  nuiy  lie  supposwl  to  vary  as  tlu-  mass.     But  inatfan*"* 

•An-r.  J.mr.  Sri.,  Mar.  IS».  i>.  3kl 


1872.]  ^^^  [Chase. 

uniform  density,  i*OCm  ,  tlierefoi*e  it  need  not  surprise  us  if  we  find  in 
different  relations  of  cosmical  masses,  the  three  factors,  sec.  8<)^,  ( sec.  SO-') 

(sec.  30O)  , 

1.  Mercuiy's  orbital  radius  being,  as  I  have  said,  r'  —  80/*  v  (sec.  30-^)^' 

4- 

Neptune's  orbital  radius  is  SO-*/',  or  80/'  ;  (sec.  30^) 

[80rX(8ec.  30^)  ]  :-(. 387008 7 ^  214.8'r)r)— 1.00126. 
(30.03097x214.80/')  -  6400/-— 1.0084. 

2.  The  distance  of  the  exterior  orbital   limit  of  the  asteroidal  belt 

{Cybelel  is  nearly  a  mean  proportional  l)et\veen  the  distances  of  Mercury 

and  Keptinie.  i 

(.:3870987X30.03097)    :  3.4205— 1.003 11.'. 

3.  If  the  Moon's  mass  is  ^X/^oo^^  ^^^^  Earth's  mass,  her  distance  is 

analogous  to  that  of  Mercury,  l>eing  80  <  (sec.  30^)  ^  the  distance  of  the 
Earth's  centre,  from  the  centime  of  gravity  of  the  teiTest Hal-lunar  system. 
The  mean  of  live  recent  estimates  of  tlie  Moon's  mass,  given  by  Denison, 

.      J_ 
*"*  83.127* 

83.127  :  83.032—1.00115(5. 

4.  The  year  of  Mercury  :  Neptune's  year  : :  the  velocity  of  a  planet 
near  the  Sun's  surface  :  the  velocity  of  light,  or  nearly  : :  sec.  30-^ '  the 
mass  of  the  planetary  system  :  the  mass  of  the  Sun. 

(60120.72^87.9(59258)  :  (183,454  :  205.5184)— 1.01088. 
(60126.72 >  sec.  30-)-  (87.969258 -759.4(5)— 1.00617. 

5.  Venus  may  be  regarded  as  an  exterior  satellite  of  the  Eai-th,  at  a 
limit  analogous  to  that  of  the  solar  system.  For  80 ^>  Earth's  radius 
nearly  —  Venus's  distance  at  i)erigee. 

802/53962.818—25,362,050;  25,362,050  :  25,268,0(  0—1.0037. 

i 

6.  The  year  of  Uranus  divided   by  (sec.  30^)  ,  is  equivalent  to  the 

month  of  a  teiTestrial  satellite   near  the    i)erigee    distance  of  Venus 

(omitting  considerations  dependent  upon  solar  acceleration  and  satellite- 

mass).  '4  ^ 

(25,268,000  :  238,8lK))">  27.32166X(sec.  3^-)'-  30,686.821—1.006. 

7.  The  mass  of  the  intni-asteroidal  planets  :  the  mass  of  all  the  planets, 

3 

nearly  : :  Sun's  radius x  (sec.  30-)    :  Earth's  orbital  nidius. 

(63.52  :  13167.12)  :  [(sec.  30)    :  214.86J— 1.00131. 
My  experiments  in  the  years  18(54  and  1865,*  the  most  important  of 
H-hicli  were  i-eiKjated  before  the  Society,  demonsti-ated  that  the  simple 
mechanical  action,  of  such  elastic  vibraticms  as  are  excited  by  the  con- 
Joint  influence  of  solar  radiation  and  terrestiial  rotation,  would  not  oidy 
l>rocluce  polarity  in  a  neec'.le   susceptible  of  similar  vibrations,    but  it 

•  Proc.  Amer.  Phllos.  Soc.  Ix. .  330;  x, .  151  nqq. 
A.    P.   B. — VOL.    XII. — 2Z 


ChaM.]  ^^^^  [M«jM. 

would  also  ciiuso  »ucli  daily  and  amiual  tliurtuatioiiH  ad  tbo«e  of  the 
inaynetif  needle.  Prnfesnor  Xoi*ton  says*  that  **iio  concejition  lias 
hitheito  been  fiMined  of  x>o8Hil)le  atouiic  movements  capsiMeof  originating 
the  electric  forces,  and  i.)rfHlucinj^  even  the  simplest  of  the  electrical 
phenomena.**  The  de]>endence  of  the  ]»c»larity  of  the  compatis  apon 
electric^vl  curi-ents  encourages  the  belief  that  all  the  ''poHsihle  atomic 
movements  caimble  of  originating  the  electric  forl^eK,-'  maybe  traceable 
to  some  arrangement  of -elastic  wthereal  particles  like  the  one  I  have 
al>ove  suggested.  The  mutual  attraction  of  the  atoms  A  and  £  is  only 
one-third  as  gi*eat  as  that  of  the  atoms  F  and  G,  and  under  the  influence 
of  centrifugal  force,  the  several  lozenges  AFEG  would  yield  mofst  readily 
in  the  direction  KO. 


THK  SUN-SPOT  CYCLE  OF  11.07  YEARS. 

By  Pliny  Eakle  Chase. 

{Jiiat!  hi  fore  the  Ameriran-  Philosophical  Society,  May  iC^/i,  1873.) 

The  most  ivcent  and  careful  discussion  of  the  obser\'ations  upon  the 
amount  and  fi-equent^y  of  Sun-8i)Ots,  by  I>e  La  Hue,  Stewart  and  Ix>ewy, 
assigns  to  the   principal  cycle  a  iluration  of   11.07  years. 
(ante,    vol.   xi.,   \k   100)  had  ]>reviou8ly  given  nearly  the    same    esti — 
mate   (11.072  years).     If   the    spots    are    attributable    to  disturbance£!«  ^^ -es 
produced  bv  gravitating  action,  the  niigor  axis  of  the  revolving 

turbing    force    should   l)e   [(11.07  .11. S0*2)  ]—.»5r)V  Jupiter's,   or  4.1 
•  the  Earth's  maji»r  axis.     The  mean  ra<lius  vector  of  perturbation  is.  g^.^    i^ 
therefm-e,    nearly    etjuivalent    to    Jui)it4^'r*s    mean    ])erihelion  distauc^^^^-ice 
(.*.).*)  1H4^',  or  4.i>5'20)  as  well  as  to  the  mean  distance  of   the  centr*'"^  ^^  tre 
of  gyration  of  the  planetary  sytem. 

S  •  UH'  .-^^^l  .  ->  '  .72:ja    :il.K")  ■  1     :Ji  '  l.r)2;n-  l>307v, 5.2028-2847.4 ^ 
il.58Hil    410.7  ■  n).IH2(5    y^'lSy  ■  :M).o;Ui  :  [W^    2o    :n.85  ■^  -1)307-.  2847.-  - 
410.7     5:W.5!]— 5.101  ;  5.101  :  4.imi>=1.02r)5  ;  AMS\  :■  4.ft52— 1.0085. 

The  theoretical  mean  excursion  l)et ween  .Tupiter's  i»erihclion  and  hii  jtM"  hiH 
mean  distance,  ctirresjionds  very  nearly  with  the  alwivc  valne  i»f  tb^:^^  "^ 
planetary  ccntn?  of  gyration. 

4.1152     :;  •  (5.202H     4.052)— 5.mH  ;  5.101  :  5.001—1.002. 

If  Jupiter's  ai)lielion  distan<^e  represents  the  aphelion  distance  of  tli«^-^'  *"^ 
aggit'gate  of  f«»r<'es  which  prtMluce  the  Sun-si)ots,  the  disturbanoe-per*'*'  '^stcri' 
helion  is  (2  •  .055     1.04Hi— .802  •  ^''s,  or  4.485^  ©'s  itidius  vector.     Thf  mt-^  'his 
<'orresjM»n<ls  very  nearly  with  the  linear  centre  of  os<'illatioii,  of  the  raea^^  ^S/ttt 

•  I..IC.  vM..  p.  .'«». 

t  rr-T.  K..y.  S.M-..  I».'r.  '2\,  1««71 ;  I'hJI.  Mag.,  Miiy.  lSr2. 
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Tbe  ratio  J  is  the  unit  factor  for  the  explosive  centres  of  oscillation  of 
fit,  ,-5,  and  y. 

The  combined  ratios  of  direct  and  reverse  centres  of  oscillation,  {>  J— 
U,  determine  the  following  interesting  positions  : 

Near  9X  q,  —    ;rj    is  the  centre  of  gi-avity  of  the   solar  system,   at 

ol  •) 

heliocentiic  conjunction* i/ 

20r 
Near  9-V.  -q.,  =-20r,  is  the  centre  of  explosive  oscillation,  between  the 

ol 


limit  of  solar  retardation  and  the  Sun's  surface 


s 


20r 
Near  0-"*y  -    — 180r,  is  tlie  centre  of  gravity  of  Mercury,  Venus,  and 

yi 

the  Earth »/ 

20 /• 
Near  9*  x         —  102Or,  is  the  centre  of  gravity  of  the  planetary  system,  r: 

ol 

20  r 
Near  iK*>:  *  --— 14580/',  is  a  point  which  I  will  designate  as  the  reciprocal 
HI 

of  fjracity  for  the  solar  system /> 

If  the  centre   of  explosive  gyration   from  the   Sun    to  Neptune  be 
taken  as  a  unit,  and  a  point  at  a  distance  of  9  of  those  units  =82805 /•  be 
regarded  as  the  seat  of  a  new  explosive  action,  the  point  f,  is  near  the 
centre  of  explosiive  gyration  towards  the  nolar  syHtem.     If  the  centripetal 
is  equal  to  the  radial  or  centrifugal  action,  and  if  gravity  is  a  resultant  of 
sethei-eal  o.villation,  the  square  of  the  periodic  time  being  82  times  as 
^reat  as  the  square  of  the  time  of  fall  to  an  attracting  centre,  the  modulus 
of  light,  relatively  to  the  Sun,  should  be  32  >■  J  v  82805  r— 400500/-. .....   <; 

The  closeness  of  this  estimate  is  shown  by  the  following  calculation  : 

log.  c'  10..>27057f 

"'  i^  at  Sun  T. 219737 
*'  light  mod.  11.307320 
**     r  5.628452 

*•    mod.  :  /•         5.078868 
.  • .  modulus  of  hght— 477384. 6r. 
The  half-modulus  is  the  height  of  virtual  fall  required,  during  orbital 
revolution  at  the  Sun's  surface,  to  acquire  the  velocity  of  light,  if  the  re 
'were  no  yethereal  resistance.     Its  relation  t<»  three  cardinal  positions   in 
our  8yst<?m,  is  expressed  in  the  following  i)roi>ortion  : 

J  modulus  :  2/'s  rad.  vec.  : :  ©'s  rad.  vec.  :  Q's  rati. 
The  approximate  value  i»f  the  Earth's  radius  vector,  as  thus  determined, 
is  213.54/- r 

•  Wh«?nevor  I  have  urcasion.  in  the  pre»»cnl  pap<*r.  to  HiH>ak  of  tho  centre  of  i^ravity  of  two 
or  more  planetM.  they  will  bo  couMidered  aH  in  heliocentric  conjunction,  and  at  their  ueau  dii*- 
tanceit  from  the  Sun. 

t  The  values  «)f  the  astrononiicul  elements  arc  taken  from  Norton'ti  Astronomy. 
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The  same  modulus-ratio  in  also  uearly  equivalent  to  the  ratio  of  the 
aggregate  extra-a8tei*oidal,  to  the  aggregate  intrs^-asteroidal  planetary 
masses o 

If  Mercury  be  regarded  as  having  its  mean  distance  at  a  direct  ex- 
plosive centre  of  oscillation,  its  perihelion  distance  is  at  the  reverse  ex- 
plosive centre f 

The  combinati<m  iXi""!!^  furnishes  the  following  planetary  positions. 

25  r 
Near  S>^X^|  ^325r,  is  the  centre  of  gravity  of  the  Earth  and  Mars.  ^ 

Near  1)*X  vr  — 2035r,  is  the  orbit  of  Saturn ^* 

ol   , 

The  foregoing  approximations  are  embodied  in  the  following  synopsis : 

Table  I. 
Centrifugal  Evidences  of  Planetary  Explosive  Oscillation. 

(A)  Tlieoretical.  (B)  Observed.            (B  -A)-5-A.  Batis. 

«  81.  83.17  .027  V 

ft  729.  734.93  ,008  »* 

;'  G561.  «453.73  —.016  9» 

.5  .3333  ,3149  -.055  i 

£  .6(567  .6563  -.016  i 

C  .5  ,4973  —.005  I 

r,  .4444  .4705  ,059  \ 

0  .4444  .437!  .016  \ 

t  .5556  .5454  .018  \ 

X  36.  36.96  .027  J75=^^'* 

/  324.  ;J26.59  .008  {: ■^*' 

,j,  2916.  2970.43  .019  {  --="** 


2.17                       —.025                    J>-5~=^*^^ 
20.  20.43  .022  \\\ ^* 


K 


a               180.                              182.83                           .016  {Xj 

t:             1620.                            1625.69                           .004  5  <5"^ 

f,           14580.                          14341.64                         -.016  Jxr"" 

^         466560.                        477384.6                             .023  83 

r  213.54         '  214.86  .006 

,,  213.54  206.29  .034 

^                    .8                                  .7945                    -.(K)7  } 

y              225.                               225.46                           .002  J-j^^^"  ^ 

^''.            2025.                            2049.51                            .01  KV^-^  ^ 

Tlie  imiK»rtauceof  combhiing  the  contivs  of  direct  and  revei*seex 

jryratioii.    in   forming  the   units  of  the   series  which   is  to  contain' 
modulus  of  e<iual  univers;il  action  and  reaction,  is  obvious. 
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Reversing  our  pixxjedure,  and  commencing  at  the  centre  of  c»8cillation  of 
the  recipi-ocal  of  gi'avity.  («'),  we  find  the  following  i*elationsl)ips  : 

J  a  is  near  the  mean  position  of  Neptune ^^ 

^  a     **        the  c.  grav.  of  Neptune  and  Uranus ^' 

i  Y     **        "  '•        of  Neptune,  Uranus  and  Saturn ft 

I  ^     **        **  **        of  the  four  outer  planets z 

J  z     "        "  mean  position  of  Jupiter C' 

The  centi-e  of  linear  oscillation,  thei*efore,  appears  to  have  had  an  im- 
portant influence  in  determining  the  iK)sitions  of  Neptune  and  Jupiter, 
and  the  centre  of  explosive  oscillation  in  fixing  the  places  of  the  inter- 
mediate planets.  Neptune \s  position  is  also  near  the  reverse  centre  of 
explosive  oscillation  of  the  reciprocal  of  gravity,  J  of  J  being  etiuivalent 
to  J. 

From  the  excess  of  the  observed  over  the  theoretical  value  of  the  modulus 
of  light  (^/ ),  in  the  foregoing  table,  as  well  as  from  the  fact  that  the  theoreti- 
cal modulus  best  satisfies  the  hypothesis  of  explosive  positions  in  the 
outer  planetary  system,  I  infer  that  the  mean  velocity  of  light  between 
Neptnne  and  the  Sun,  is  retarded  a  little  more  than  one  per  c«nt.  by 
the  condensation  of  aether  towards  the  Sun. 
J  ^  is  near  the  centre  of  gravity  of  the   principal  astei*oids,  and  also 

near  the  centre  of  explosive  oscillation  from  Cybele  to  Flora ij' 

f  ij'  is  near  the  mean  position  of  Mars \f 

J  ^  is  near  the  centre  of  gravity  of  the  three  interior  planets ( 

I  I  is  near  the  linear  centre  of  oscillation  of  Venus x' 

I  /  is  near  Mercury's  perihelion X 

J  X  is  near  the  explosive  centre  of  gyration,  which  limits  solar  atmos- 
pheric retardation ^i 

This  second  series  of  coincidences  is  grouped  in  the  following  table  : 

Table  II. 
Centripetal  Evidences  of  Explosive  Oscillation. 

(A)  Theoretical.         (B)  Obser^'ed.  (A-B)  :  A  Basis. 

a  9720                                                                      ^V  modulus. 

^  6480  6453.72  .004  f/ 

/  5400  5429.62  -.005  J,/ 

S  8000  2894.57  .0^5  %f 

£'  1638.33  1682.69  .000  %n 

X,  1088.89  1117.87  -.027  y 

r/  604.94  588.07*  .028  ?:' 

589.41  .026  ** 

(j(  3:^5.08  326.59  .029  f; 

(  186.71  182.83  .021  j</' 

V  103.78  103.61  .001  [;/ 

X  57.68  56.07  .027  ^^ 

ji'  82.02  82.36f  -.011  j;; 


•  Mean  radiu*  vector  of  Juno.  CereK.  and  PallaH. 

t  V  of  36.4  ;  36.4  l>eiu9  the  ineau  of  tho  two  extreme  valuer,  derived  from  Sporer'i*  and  Horn- 
•t«lii*H  ewtimate^. 
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'.'  :  /•=— iiumIuIus  of  lij^lit  :  ft'^'l^  •  ^ 

TluTC  aiv.  tlieivtiuv,  nine  ])i'iii(rii>al  plaiietiny  orbital  clivirticiuK,  clcter- 
iniiK'fl  mainly  by  fontros  of  <*xplosive  gyration  ;  nixk  successive  centre* 
<if  linear  *>si-illatii»u  bctwoen  the  niothilns  of  light  and  the  recipn»cal  of 
gravity  :  nink  similar  eentivs  between  the  limit  «if  the  Sun's  |>ossible  at- 
mosjihere  an<l  the  Sun's  surfaee;  and  tinally,  xiNE  HueceKsive  i)owen»  of 
xiNK,  that  exert  ini}H»rtant  centrifugal  <letcnnination8.     For  we  find  ; 

At  I)  '  /•  the  fulcrum  of  the  s<»lar  system,  if  the  planetary  masses  were 
eoneentrated  in  a  i»<»int  at  r. 

At  0  -  /•  is  the  seat  nf  an  explosive  oscillation,  which  would  tend  to  de- 
tach a  nebuhms  ring,  with  a  mass  S)  ■'  tn,  pi'ovided  the  centre  of  Orttnllation 
of  the  ring  wei*e  at  the  present  geometrical  planetary  mean,  9  '  r.  For, 
in  order  that  the  separatism  should  begin,  the  veh)city  of  nebular  n>ta- 
titMi  at  the  surface  nf  the  central  b<Mly  should  liear  such  proportion  to 
the  mean  vehx-ity  <»f  revolution  in  the  ring  as  the  radius  of  the  central 
mass  to  the  radius  of  the  ring's  centiv  of  oscillation,  and  as  the  vehxrity 
uf  virtual  revohition  at  the  central  surface,  to  the  like  velmuty  at  the  seat 

of  exiilosion,  <  1   :  Ml-*  ) 
At  \)  '  i\  a  phuietary  mass  which  was  in  nebulouH  condition  in  the  alH>ve 
ase,  having  ai'(|uired  sufticient  centiiil  condensation  for  the  detachmen 
of  an  interior  phmet,  would  have  its  fulcrum  at  the  Sun's  sui-face,  if  it 
centre  of  i^ravitv  weiv  at  the  <listance  <»f  Mercury.     The  combineil  effec 
i)f  these  two  j»rimitive  hypotlietical  breaks  is  i)erhapK  ivcc»nled  in  tb 


si»lar  rotation,  which  oecupies  nearly,  if  not  pre^hel^i  J  -ixTSO,  x  th 
planetary  orbital  time  at  the  Sun's  surfatre. 

At  0"  /•  is  the  Sun's  surface,  the  probable  seat  of  many  of  the  expl 
tions  which  have  lately  attracted  so  nuich  attention. 

At  NINK  /■.  is  the  lirst  theoretical  exterior  limit  of  explosion.  In  wliicl; 
she  Sun  i.s  eentral  and  its  oppo^ite  surfaces  are  centres  of  alternate  direc 
and  reverse  explosive  oscillation.  Mere  is,  iKM'haps.  the  limit  of  an  ini 
portant  solar  envi'lope. 

Near  nine  times  the  lir^t  exterior  limit,  or  !>*/-,  is  the  orbit  of  Mercury.^ 

N'ear  nink  times  the  second  exterior  limit,  or  \)'i\  is  the  asteroida 
limit. 

Near  nine  times  the  tliinl  exterior  limit,  or  D'r,  is  the  orbit  o 
Neptune. 

Near  nine  times  the  fourth  exterior  limit,  or  0'/*.  is  the  centre  of  Sun 
ward  explosive  oseillatimi  which  tletermines  the  recipro<'al  of  gravity. 

Such  c  nl^lderations,  conjoined  with  the  observe*!  increase  of  sjHitt 
surface  on  the  <i4le  of  the  Sun  next  the  Karth  and  m«)st  remote  fronk. 
other  disturbiuv:  i»lanets.*  seem  to  furnish  a  <'lue  to  the  solution  of  tbcs 
Sun-sji.it  nivMcry.  Kven  if  all  the  jilanets  were  so  arranged  as  to  1 
either  in  mntrial  hclii»centric  ci injunction  or  o])]Misition,  their  conibine< 

"  l*v  I..(  II u«'.  Miu.irt  .11  ■:  !-■•■  \vy.  /V'***.  It-'f/.  Si"\.  XX..  'JW.  *vif. 
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iuilueuce  would  not  suffice  to  raise  a  tide  of  a  «iiiarter-inoh  at  tlie   Suu*s 
surface.     But  variations  of  inertia   {ui  d-)  ami  of  power  to  iiriHluce  U)cal 

oscillations/ )  may  be  much  more  important,  in  their  inrtuence  on 


(P 


m 


fluid  IxMlies,  than  differential  tidal  variations  (  -^r-).     At  the  verv  out- 

set  of  my  cosmical  investigations  {ante^  ix.,  287),  I  gave  a  method  for  es- 
timating tlie  Sun's  distance  by  comparing  the  atmospheric  inertia  rela- 
tively to  the  Earth,  with  the  sjime  inertia  relatively  to  the  Sun.  The  i*e- 
markable  coincidence  of  the  disturbing  focus  of  the  Wolfian  cycle  with 
the  centre  of  linear  oscillation  in  the  planetary  system,  seems  to  I'ender 
it  pi*obable  that  solar  explosions  and  spots  ai*e  also  detei*mined  by  laws  of 
Inertia  and  local  oscillation. 


ON  BATHMODON,  AN  EXTINCT  GENUS  OF  UNGULATES. 

By  Edward  D.  Cope. 
{Read  before  the  Amerkan  Philosophical  Society^  Feb,  10,  1872.) 

The  present  form  embraces  some  of  the  largest  Perissodactyles,  or  odd- 
toed  Ungulata,  of  our  Tertiary  Strata.  It  is  represented  by  remains  of 
two  species,  which  include  portions  of  the  cranium,  with  teeth  and  finig- 
ments  of  jaws ;  vertebne,  fragments  of  scapular  and  pelvic  arclxes  and 
bones  of  the  limbs.  The  distal  end  of  the  tibia  is  wanting,  but  that  of 
the  fibula  indicates  an  odd-toed  animal,  and  the  third  trochanter  on  the 
exterior  ridgt*  of  the  femur  confirms  the  reference. 

There  are  probably  four  superior  molars,  though  three  only  are  pre- 
served. Two  premolars  only  remain  of  the  superior  species,  but  the  frag- 
ment of  ramus  mandibuli,  referred  to  the  same  species,  exhibits  four  pre- 
molars ;  from  a  consideration  of  the  sizes  of  the  superior  premolars  it  is 
probable  that  tliei-e  were  four  of  these  also.  There  ai*e  three  strong  inci- 
sors in  each  premaxillary.  No  canine  tooth  is  presci-ved,  but  the  pos- 
terior suture  of  the  premaxillary  bone  is  so  wide  as  to  point  to  an  equally 
stout  anterior  part  (»f  the  maxillary,  fitted  to  support  such  a  tooth.  The 
dental  series  inci-eases  regularly  in  size,  from  befoje  backwards,  the  last 
being  a  little  larger  than  the  penultimate.  The  crowns  of  the  molars 
exhibit  on  the  outer  margin  a  single,  acutely-angled  crescent,  diix^cted 
inwards,  with  a  conic  lobe  alongside  of,  and  anterior  to  its  base,  repre- 
senting a  second  extei*nal  crescent.  The  crescent  lol>e  proper  is  large  and 
very  obliquely  directed,  so  that  its  external  face  is  almost  horizontal. 
The  apex  of  its  companion  cone  is  continuous  with  its  posterior  margin, 
so  as  to  be  undistinguishable  from  it  in  some  cases.  The  inner  crescents 
are  represented  by  a  wide  angular  ridge,  which  is  at  a  lower  level  than  the 
exterior,  and  is  little  or  not  developed  on  the  posterior  side  of  the  crown. 
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Its  inner-plane  face  is  horizontal,  or  even  ascending  in  one  species.  In 
the  premolar  teeth  of  B,  luidiann,  the  external  crescent  lobe  is  single  and 
symmetrical .  As  the  crown  contracts  inwardly,  a  second  inner  orescent 
lobe  has  a  trihedral  fonn,  while  in  one  more  anterior,  the  inner  is  much 
reduced.  The  inferior  premolars  are  all  two-rooted,  and  form  an  unin- 
teri'U])ted  scries.  The  basis  of  the  molar  part  of  the  zygomatic  ardh  orig- 
inates opposite  the  adjacent  parts  of  the  penultimate  and  last  molars. 
The  premaxillary  bone  is  massive,  and  with  but  little  area  for  attachment 
with  its  fellow  in  front.  The  incisor  teeth  are  large,  with  sabcylindric 
roots,  and  their  alveoli  are  well  separated.  In  one,  perhaps  superior, 
the  crown  is  expanded  transversely,  with  convex  cutting  edge. 

In  the  humerun^  the  deltoid  hook  is develoi)ed,  but  is  not  much  elevated 
above  the  ]>lane  of  the  head.  It  originates  fi*om  an  external  expansion  of 
the  head,  which  bears  a  shallow  cotylus,  separated  from  the  head  by  a 
low,  curved,  subtransverse  ridge.  The  condyles  of  the  humerus  do  not 
support  any  trochlear  ridges.  An  almost  ]>ertect  femur  of  B,  radiaM  is 
preserved.  The  third  trochanter  is  not  very  prominent.  Tlie  little  tro- 
chanter is  little  developed ;  the  great  trochanter  is  lai'ge  but  does  not 
equal  the  head.  The  latter  is  subglobular,  and  the  ligamentous  fossa  ex- 
tends to  its  rim.  The  distal  trochlear  surface  is  prominent,  the  inner 
edge  more  so  than  the  outer.  Its  articular  surface  is  broadly  continuous 
with  those  of  the  condyles ;  a  slight  emargination  of  the  outlines  only 
marking  the  usual  constriction  on  each  side.  In  this  it  resembles  Cervida 
and  some  Antilopidtp,  The  inner  condyloid  surface  is  cut  off  by  the 
emargination  in  Toxogen  and  Bo^  bttbalmi ;  the  emarginations  are  deep, 
but  do  not  cut  oft'  either  in  KqHi/M,  Camelopardali*  and  three  species  of 
Bo)* ;  while  they  are  so  deep  as  to  cut  oft*  botli  in  Rhinoeero*^  5  sp.,  IHp- 
jwpotaitnin^  Bom  hrarhj/orus.  B.  so nduir » n  sind  B.  meby nicer un  and  in  Oi- 
loblepatt. 

Bathmodon  kadiaxs.     Cope.     Sp.  nov. 

Represented  by  portions  of  several  individuals,  which  indicate  an  ani- 
mal varying  from  the  size  of  the  ox  to  that  of  the  Javan  Rhinoceros. 

The  transverse  diameters  of  all  the  molars  exceed  their  longitudinal. 
In  the  i)cnultimate,  which  may  serve  as  a  type,  the  superior  or  outer 
plane  of  the  inner  crescent  ridge  extends  along  about  .H<t  of  the  pos- 
terior of  the  outer  crescent.  In  the  last  molar  this  surface  is  very  wide 
on  the  posterior  and  inner  side  of  the  external  creR<^ent:  itihencontractn, 
and  expands  again  on  the  posterior  side,  its  outer  bounding  crest  reach- 
ing to  the  external  margin  of  the  crown. 

Besides  these  points,  the  molars  ]>ossess  a  strong  cingulum  along  the 
anterior  base  of  the  ci*own,  which  unites  with  the  surface  near  the 
inner  proturberance  of  the  latter  in  the  penultimate  :  in  the  last  molar  it 
reapi)ears,  forming  a  short  lol>e  tm  th<*  jMisterior  face.  The  enamel  where 
not  worn  is  slightly  rugose. 

A  posterior  }>reniolar  has  a  cingulum  on  the  inner  obtuse  apex.  The 
crest  of  the  inuiM*  crescent,  descending  on  each  side  of  the  apex  of  the 
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outer,  foniis  a  cingulum-like  ledge  at  its  base  as  far  as  the  angle  formed 
by  the  descent  of  the  apex  of  the  outer  crescent.  The  outline  of  the 
comer  of  this  tooth,  viewed  from  above,  is  narrow  cordate,  with  obtuse 
apex.  The  convexity  of  the  outer  ci*escent  inwards  is  very  strong,  and 
the  base  of  the  crown  is  externally  two-lobed.  Enamel  striate  rugose. 
In  a  more  anterior  premolar  (with  thi-ee  roots)  there  is  no  internal  cingu- 
lum,  and  the  crest  of  the  inner  crescent  is  not  carried  to  the  external 
basis  of  the  tooth,  and  is  entirely  wanting  on  the  posterior  face  of  the 
tooth.  The  external  ci-escent  is  more  vertical  and  less  concave.  Outline 
of  crown  aubtriangular. 

The  premaxillar}'  bone  is  elonjjrate,  Hat,  and  with  a  sloping  superior 
face,  which  rises  gently  inwards.  The  bases  of  the  incisors  stand  obli(iuely 
outwards.  The  inferior  surface  is  fiat,  and  the  basis  of  the  broken 
palatal  spine  is  rather  small.  An  incisor  tooth  has  a  transversely  dia- 
mond-sliaped  crown,  slightly  twice  concave  on  the  inner  face,  strongly 
convex  on  the  outer,  with  a  faint  external  cingulum  near  the  external 
angles.    Enamel  obsoletely  stnate. 

MEASUREMENTS.     (XO.  1. » 

M. 
Longitudinal  diameter  last  superior  molar 085 

Transverse  "  **  04rM 

Longitudinal        **    penultimate 032 

Transverse  **  **        089 

Longitudinal        **    i>08terior  pi*emolar 024 

Transverse  **  **  084 

Longitudinal        "    anterior      **  021.") 

Transverse  **  "  "  0205 

Length  premaxillary  bone 082 

Transvei'se  width  posterior  sutui^e 028 

Width  premaxillary  at  middle   " 048 

Length  basis  last  two  inferior  premolars 057 

Transverse  diameter  edge  of  mandible  at  first  premolar  .017 

Diameter  condyles  of  femur 104 

**        heads  great  trochanter 130 

"        head  alone m<2 

**        shaft  with  third  trochanter 07« 

Supposed  length  femur  (10.75)  inches 415 

Transverse  diameter  head  of  tibia 092 

Antero-posterior       **         internal 0(51 

•  *  **         exteinial 045 

(?)    No.  2. 

Longitudinal  diameter  head  of  humerus 138 

'»  **        of  outer  cotyl us  and  tuberosity.  .055 

The  other  remains  of  this  animal  will  be  more  fully  described  and  the 
"whole  figured,  shortly.  They  were  discovered  by  Dr.  F.  V.  Hayden,  in 
tertiary  beds  of  the  Wahsatch  Group,  near  EvaViston,  Utah. 
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This  specieH  differs  from  tlie  la«t  in  several  particulars  of  dentition. 
The  interior  ridge  (homologous  with  the  inner  cresoentic)  bounding  the 
middle  plane  of  the  superior  molars,  is  not  continued  on  the  i>osterior 
face  of  the  tooth,  but  curving  inwards  joins  the  outer  crest  at  its  apex. 
The  outer  crest  terminates  in  a  conic  tul>ercle  anteriorly  on  the  external 
face,  the  rudiment  of  the  anterior  crescentic  ridge  appearing  as  a  low 
ridge  from  the  side  of  the  ]>osterior  one,  and  rising  to  a  point  on  the  an- 
terior margin  of  the  crown.     There  is  no  cingulum  round  the  anterior 
base  of  the  crown.     The  latter  is  as  long  as  wide.     The  inner  crest  Ib- 
reduced  to  a  mere  angle,  and  its  ]>osterior  face  is  not  basin-shaped  _ 
but  rises  to  the  crest  of  the  inner  crosi'ent.     The  outer  face  of  the  latter 
is  su1)-horiz(>ntiil  with  rising  u^k^x,  and  is  concave  transversely.     Its  an- 
terior outer  base  is  narrowed  but  is  less  elevated  than  the  posterior. 

MutfunrincHti,  M. 

Length  basis  crown 0225 

Width  "  022 

**        exterior  cwscent 012 

Depth         "•  ''        02 

t 
This  animal  was  not  more  than  half  the  bulk  of  the  last ;  its  size  wa» 

about  that  of  the  Tapirtm  tfrreittnX  Tlie  differences  in  dentition  which 
it  presents  are  so  marked  as  (!(>mpared  with  the  last  siiecies,  as  to  induoe 
me  t(>  believe  that  it  will  be  found  on  fuller  ac(iuaintance  to  belong  to 
another  genus.  This  may  Imj  called  LoruUtphodou.  Other  remains  belong- 
ing to  these  siMJcies,  or  relating  t4)  it  in  size,  ai*e  contained  in  Dr.  Hayden's 
collection,  but  cannot  now  be  rcferi"cd  to  with  eeitainty. 

From  the  Walisutch  Beds,  near  Kvanstcm,  Utali. 

Kspecial  interest  attaches  t(»  these  fossils  from  the  fact  that,  they  belong 
to  the  oldest  of  the  tertiary  i>eriods  of  North  America.  The  Wahsatch 
Group,  sw'cording  to  Dr.  llaydeu,  underlies  the  Bridger  Group,  wliioh  has 
yielded  so  many  mammalian  species  to  the  researches  of  I^idy  and  Marsh. 
These  have  l>een  supposed  to  be  Eocene,  so  that  the  age  and  species 
hero  described  is  not  later  than  that.  Tlie  character  presented  by  the 
molar  teeth  are  very  i)eculiar,  and  indicate  not  only  a  new  genus,  but 
a  now  family.  This  has  a  remt)te  aflinity  only  to  the  group  of  PaIa:o$yop9 
TitiUutthtrinui^  etc 

ON  TWO  NEW  OUNITIIOSAURIANS  FROM  KANSAS. 

By  Edwaui)  D.  Copk. 

(Read  he/on  the  Arnvriaia  Pfn'hmophical  Sorutj/j  March  1,  1872.) 

The  species  about  to  be  described  resemble,  in  their  large  proportions^ 
the  large  pterotlactyles  of  the  English  chalk  and  green  sand.  The  speci- 
mens at  my  disjMhsal  (consist  chiefly  of  portions  of  the  anterior  limb,  of 
metaciirpals  and  phalanges.  Some  of  the  phalanges  of  the  claw-bearing 
digits  are  remarkable  for  their  relatively  large  diameter,  a  peculiarity 
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stated  by  Seeley  to  be  found  in  the  species  of  his  genus  Onuthochinint. 
As  it  is  not  likely  on  other  grounds  that  the  species  of  the  Niobrara  cre> 
taceous  strata  belong  to  the  genus  Pterodactylui  of  Cuvier,  which  is 
chiefly  known  from  the  Jurassic  period,  I  place  the  Kansas  species  for 
the  present  in  Ornithochirus,  as  established  by  Beeley. 

Ornithochirus  umbrosus.  Cope. 

Represented  by  the  distal  i)ortion  (ten  inches)  of  the  wing  linger  meta- 
cari)al ;  the  proximal  portion  (eight  inches)  of  the  first  phalange  of  the 
same  digit,  with  two  phalanges  of  claw-bearing  digits.  The  distal  con- 
dyles of  the  first  named  bone  are  separated  by  the  usual  deep  groove  above 
and  below,  and  wind  separately  to  their  terminations  on  the  inferior  face. 
The  narrow  base  which  supports  the  inner  condyle  is  bounded  )K)steriorly 
by  an  acute  edge  ;  directly  outside  of  the  base  of  this  ridge  is  a  deep 
groove  or  foramen,  which  is  bounded  next  tlie  external  condyle  by  an- 
other ridge  which  rises  to  the  base  of  the  inner  condyle  on  the  trochlear 
side.     The  transverse  diameter  of  the  condyle  is  M.  0.04H  or  17  lines. 

The  proximal  end  of  the  first  phalange  is  perfect,  but  fiattened  by  pres- 
sure. It  presents  the  two  usual  cotyloid  cavities  well  separated  by  an 
elevated  ridge.  Anteriorly,  it  presents  an  elevated  crest  for  muscular 
insertion.  This  tei*minates  abruptly,  and  is  followed  distally  by  a  deei> 
notch.  Dislal  to  this  is  another  prominence  of  the  bone  also  probably  an 
insertion.     Antei-o-posterior  diameter  (fiattened),  24  lines. 

The  claw  phalange  is  short  and  wide  ;  both  its  articul-itions  are  simple 
and  concave.  Hoth  outlines  are  keeled,  one  \evy  strongly  at  one  end, 
and  at  the  other  presentmg  beyond  the  articular  surface,  a  wide  pro- 
longed pro<.'ess  for  muscular  insertion.  Length  phalange  without  process, 
thirteen  lines ;  process,  four  lines ;  diameter,  widest  extremity,  eleven 
lines.  This  indicates  a  very  stout  digit.  The  other  digit  is  i)enultimate, 
and  is  remarkable  for  its  small  size,  perhaps  indicating  an  external  rudi- 
mental  digit.  It  is  only  supposed  to  belong  to  the  anterior  limb,  from  its 
having  been  found  with  the  preceding  bones.  It  is  moi*e  slender  than 
the  other,  and  diftei-s  in  having  convex  distal  articulation,  divided  by  a 
trochlear  gi*oove,  and  the  concave  proximal  one  in  like  manner  divided  by 
a  trochlear  carina.     Length,  nine  lines  ;  proximal  depth,  three  lines. 

This  si)eoies  is  the  largest  Pterodactyle  as  yet  known  found  on  our  con- 
tinent, the  end  of  the  wing  metacaqwil  exceeding  in  diameter  that  of  the 
8i>ecies  descril)ed  by  Professor  Marsh,  from  the  same  region,  by  4.  lines. 

From  near  Butte  Creek,  from  the  yellow  chalk. 

Orsithociiirus  harpyia.    Coi)e. 

Established  on  wing  metacarpals  and  phalanges  of  three  individuals. 
The  articular  extremities  indicate  a  species  from  one-half  to  two-thirds 
the  size  of  the  last  named.  Those  of  the  nietaoari)al  are  very  prominent 
above  as  well  as  below,  and  there  is  no  distinct  ridge  in  the  trochlear 
groove  Ixjtween  them.  The  inner  condyle  does  not  stand  on  a  base  with 
an  acute  posterior  ridge,  but  overhangs  a  rather  obtusely-edged  support. 
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Tliei-c  is  no  socoiul  ri<lge  on  the  outer  itriH'hlear)  side  of  it.  The 
condyle  tenninates  abniptly  po8teri<n*ly  on  the  superior  face  of  the  shaft. 
Width  of  condyles  in  Xo.  1,  eleven  lines  ;  in  No.  2,  thirteen  lines  ;  verti- 
cal diameter,  inner  condyle,  eleven  lines  (No.  1 ) ;  tmnsvei'se  diameter 
shaft  above,  eight  lines. 

The  proximal  articular  surfaces  of  the  ]iroxinial  wing  plialanges  are 
deei)ly  concave,  the  inner  protecti^d  by  an  elevated  margin  behind  ;  that 
of  the  outer,  much  lower.  They  ai*e  separated  chiefly  by  a  deep  emargin- 
ation,  but  on  their  slKut  adjacent  poitions  by  a  low  ridge.  TIio  prooess 
for  ligiimentous  insertion  is  well  developed.  Tlic  distal  extremity  is 
slightly  widened,  and  its  articular  surface  is  wedge  shaped  with  very  con- 
vex base.  Its  surface  is  slightly  <;oncave  in  both  directions  and  without 
median  ridge.  The  margin  of  the  shaft  terminates  in  a  short  tuberosity 
bearing  ariicular  surface.  Transverse  diameter,  sixteen  lines.  Length 
of  shaft  preserved,  but  inc<»mplete,  nine  inches,  one  line. 

This  s])ecies  is  about  the  size  of  the  l^teroilactyle  found  by  Professor 
Mai*sh  in  the  same  region,*  and  probably  belongs  to  the  same  genus,  and 
lH>s8ibly  to  the  same  sjwcies.  This,  however,  cannot  l»e  definitely  ascer- 
tained as  his  s]>ecies  is  imperfectly  descril)ed,  all  the  characters  adduced 
excei)t  the  mcasui-ement  being  generic.  The  name  given  by  Professor 
Marsh  luvs  also  been  pi-eviously  used,  h*)t[i  in  this  genus  and  in  Pterodae^ 
tylus^  and  must  thei-efore  l»e  given  up. 

Remains  of  the  two  Ornithorhiri  alH)ve  describe<l  are  not  rare  in  the 
yellow  chalk  of  tlie  Niobi*ara  Group,  and  those  obtained  were  mostly  from, 
dift'eivnt  parts  of  the  coui*se  of  the  blufls  of  Butte  Ci-eek. 


A  DESCRIPTION  OF  THE  GP:NUS  PROTOSTEGA,  A  FORM  OF 

EXTINCT  TESTUDINATA. 

By  Edwaud  1).  CoPK. 

iJitfttf  beforr  the  Aim r ten n  Phno«ophit',il  Sorirtff,  yfarrh  IW,  1872.) 

The  present  article  intnKlucres  t<»  the  system  a  new  fonn  of  Testu- 
dinata  t)f  a  character  n(»t  heretofore  found  in  a  fossil  condition.  Its  af- 
linities  will  be  more  fully  discussed  at  the  end  of  the  description,  but  they 
appear  to  l)elong  to  the  SphuryitUdti.  This  family  is  represented,  in 
our  present  knowledge,  by  but  one  genus  and  one  siwcies  of  the  recent 
seas.  It  is  one  of  the  most  generalized,  or  in  S]>eeial  chanictersy  the  most 
aberrant  of  the  <u-derof  the  tortoises,  and  thedisctivery  of  an  extinct  ally, 
even  as  far  d(»wn  in  the  series  as  the  cretaceous  i>crio<l,  is  not  surprisiiifr. 

The  remains  jn-eser^'cil  l>elong  to  a  single  individual,  and  include  many 
portions  t>f  the  cranium,  five  veriebne  more  or  less  incomplete,  the  scap- 
ular arches  <»f  both  sides  with  the  coractiid  bones  :  l»otli  humeri  perfect, 
with  nine  phalanges,  ten  ribs,  one  vertebral  i?>,  and  ten  marginal  bones; 
parts  or  wh»»lcs  of  four  large  lateral  (?)  dermal  lM»nes,  with  five  distinct 

•S"i«  Am.  .lonr.  Sri.  ArlK.  Jirn**.  \tl\. 
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bones  of  unknown  i*efei*ence.     There  are  also  ftoine  slender  curved  bones 
which  prolmbly  pei*tain  to  the  i)la8tron.  •  • 

As  the  l>«:>ne8  were  exposed  by  excavations  in  the  yellow  cretaceous 
clialk,  sketches  of  their  positions  and  relations  were  made,  which  aid  ma- 
terially in  the  restoration  of  the  animal.  The  upper  layer  of  Ixmes  wei-e 
those  of  most  in*egular  form,  as  ci^anial  and  limb  bones.  Mingled  with 
these,  but  often  l>eneath  them,  were  the  ribs^  while  underlying  all,  were 
the  large  Hat  pieces  here  described  as  devmal.  Adhering  to  the  infei-ior 
surface  of  these  was  a  layer  of  thin  oyster  shells  with  parallel  striate  sui*- 
face,  perhaps  Fiwcerami,  The  ribs  presented  their  heads  upwards;  so 
that  taking  all  points  into  considenitiou,  there  is  little  doubt  that  the 
reptile  was  entombed  on  its  back. 

The  texture  of  the  bones  is  peculiar.  There  are  nowhere  to  be  seen 
medullary  cavities,  and  the  bone  is  spongy,  but  very  finely  so,  the  tubules 
at  the  largest  being  equal  in  diameter  to  an  ordinary  pin,  and  generally 
crmsiderably  smaller.  They  are  arranged  in  concentric  senes.  There  is- 
no  thick  dense  layer  of  the  bone  as  in  other  tortoises,  but  an  extremely 
thin  one,  which  is  hard  and  sculptured  on  the  sui-face  with  minute  grooves 
or  pits.  The  tissue  of  the  bone  is  very  fi*agile,  and  has  a  fi-actui-e  like 
the  mineral  enclosing  it.  Many  of  the  bones,  especially  those  of  the 
dermal  skeleton,  ai*e  extremely  attenuated  on  the  margins,  being  no 
tliicker  than  wnting  paper. 

There  are  twelve  imtrginal  boit^s.  They  are  all  characterized  by  their 
laminar  fonn.  The  thinnest  are  those  furthest  removed  from  the  middle 
of  the  sides.  They  consist  of  a  single  lamina  slightly  thickened  within 
the  margin,  producing  a  slight  convexity  of  the  lower  side.  The  proxi- 
mal part  of  the  bone  is  an  extremely  thin  plate  with  radiating  ossification, 
and  consequently  more  or  less  serrate  margin.  It  extends  some  distance 
over  the  extremity  of  the  rib,  whose  apex  is  received  into  a  half  pit  or 
acuminate  groove  with  abrupt  termination,  about  one-sixth  the  width  of 
the  bone  from  the  margin. 

In  following  the  marginals  to  the  middle  of  the  side,  the  edge,  as  usual, 
increases  in  thickness.  The  lower  side  becomes  more  convex,  and  the 
upper  slightly  concave.  Tlie  edge  is  acute,  and  a  very  open  interior  en- 
tering angle  at  the  middle.  The  lateral  extremities  of  the  marginals  are 
irregular,  terminating  in  a  double  series  of  closely  packed  digitations, 
which  terminate  freely,  and  enter  into  no  suture.  The  pit  receivmg  the 
extremity  of  the  rib  approaches  the  margin,  which  now  develops  an  in- 
ferior lamina  of  bone.  This  encloses  the  end  of  the  rib,  and  thins  out 
laterally  in  contact  with  the  superior  plate.  At  first  the  inner  lamina  is 
short ;  later  it  is  almost  as  extensive  as  the  outer  part  of  the  marginal 
plate,  causing  the  double  appearance  when  fractured.  As  the  marginals 
thicken,  a  distinct  inferior  plane  becomes  distinguished,  separated  from 
the  Interior  face  by  an  obtuse  angle.  The  upper  face  near  the  margin  is 
more  concave.  In  the  thickest  and  inferior  face  is  also  somewhat  concave, 
and  the  edge  quite  acute.  The  lateral  extremities  consist  as  before  of 
padcages  of  digitations  which  easily  break  out. 
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A  single  nearly  bi-lateral  bone  of  this  series  ap])ear  to  be  either  nuchal 
or  oaudiil,  but  as  it  lias  no  sutiiral  connection  with  any  other  it  is  not 
eany  to  determine  whicli  is.  It«  niar^nal  length  is  much  less  than  it« 
trauHverse  extent,  which  consistH  chiefly  of  a  flat  lamina.  The  marginal 
part  is  a  little  tliickcned  and  bi-laterally  concave  l)elow,  and  correspond- 
ingly convex  al>ove.  The  niaixiii  is  tliin  and  acute.  A  few  grooves  rad- 
iate at  a  distAure  from  the  middle  towards  the  margin.  The  hick  of  con- 
cave excavation  of  the  margin  would  incline  the  bahuice  in  favor  of  the 
view  that  this  bone  is  the  cauflal. 

A  very  long  gently  curved  bone  is  ])ro1>ably  the  marginal  extending  on 
one  side  of  the  nuchal.  It  is  nearly  twice  as  long  as  the  otliers,  and  has 
an  extensive  and  thinsu)>erior  lamina.  Its  (?)  anterior  ])art  is  in  one  phine, 
but  the  margin  soon  thickens  and  displays  a  rather  wide  infero-extemal 
face.  It  ai»peai*s  to  have  had  an  inferior  lamina  on  its  jiosterior  half, 
which  made  an  angle  with  the  face  just  described.  An  oval  cavity  in- 
cluded, looks  as  though  designed  for  the  apex  of  the  rib. 

The  variation  in  tlie  lengths  of  thesi>  marginal  Inmes  is  noteworthy.  I 
give  measurements,  pi'emising  that  a  few  lines  may  lie  added  to  the  ex- 
tremities of  some  for  lost  digitations: 

M. 

Length  of  long  anterior  ^  1 1  in. ) 0.28 

AVidth      *'  **       I  some  lost) UVi 

Length  o\'  lateral  with  inferior  face 195 

AVidth       ••  nnuchlost) 110 

JAMigth     **  with  nari*ower  inferior  face 20tJ 

Width       **  '. much  h>st » 1 15 

licngth  of  one  with  interior  lamina 14 

Width       **        I  some  lost » OHO 

Length  «»f  a  thinner,  no  inferior  plate 193 

Length  still  thinner,      '*  *'  182 

Wiilth  of     *•  ibroken i VM 

Length  thinnest li;2 

Width  **       [  nearly  eoniplete  ■ IIJO 

<•?  Csiudal  length 117 

width l."»0 

The  shortness  of  the  marginal  with  large  interior  lamina  is  nf>tieoable. 
as  idso  the  same  peeuliarity  in  the  caudal.  As  compared  with  marine 
tnrtles,  dilleixMice  is  to  W  observed  in  every  ])ai*ticular.  Such  sire  the 
lack  of  sutural  union,  the  laminar  character  ;  the  great  extA.Mit  of  the 
superi«»r  and  distinctness  of  li>\ver  laniina>.  Tliei-e  is  no  trace  of  epi- 
dennal  sutures  visible  anywhere. 

A  single  symmetrical  plate  apjK'ars  to  have  l>elonge<l  to  the  middle  line 
oi'  the  ba<"k  or  nape.  It  was  sub-triangnlar  in  outline,  all  the  margins 
very  thin,  an<l  with  an  obtus*'  kc^el  extending  on  the  middle  line,  on  the 
p*»sterinr  or  anterior,  twn-thirds  to  the  aiK'X.  This  ridge  disitp)>carM  in 
•  ?  front  by  a  gra<lual  expansion.    The  surface  is  marked  by  lines  of  minute 
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pits  and  grooves,  which  radiate  from  the  base  at  the  <?)  front  of  the  rid^e. 
Length,  M.  .185;  width,  .21. 

The  lateral  dermal  bones  preserved,  are  two  entire,  and  lai*ge  parts  of 
one  or  of  two  others.  They  have  an  irregular  oval  outline  and  are  slij^htly 
dished  on  the  inferior  sui*face  or  that  next  the  ribs.  The  upper  surface 
is  more  convex  longitudinally,  from  the  thickening  of  the  bone.  The 
margins  are  irregular  from  the  projection  of  many  digitations.  Some  of 
these  are  broad  and  flat,  t»thers  are  narrow.  They  are  frequently  tw»> 
deep,  and  the  lissures  separating  them  occasionally  extend  far  towanU 
the  middle  of  the  bone.  The  convexity  assumes  the  form  of  a  U»w  ri<lge 
towards  one  end  of  the  bone.  At  the  point  where  this  reaches  the  mar- 
gin, tho  latter  is  in  all  the  four  plates,  thickened,  and  compi»sed  of  several 
hiyers  of  i»acked  osseous  radii.  When  found,  the  ribs  laid  across  these 
shields  ;  one  of  them  occupying  the  position  of  a  radius  to  one  of  them. 
These  shields  are  much  larger  than  the  marginal  bones. 

M. 

Length  "  No.  10  "  (21  inches) 0.5.^5 

Width  •*  (broken) 400 

Thickness  at  middle 014 

Length  **No.  9-' 530 

Width  *•     (much  broken) 530 

Thickness  at  the  middle 013 

The  lengths  and  bi-eadths  given  are  a  little  below  the  truth,  owing  ti» 
the  loss  of  the  exceedingly  thin  margin. 

Turaing  to  the  endo-skeleton,  the  nrfthnt  deserve  mention.  There  ;iie 
moi*e  or  less  complete  examples  of  five  of  these  :  in  two,  lH)th  centrum 
and  neural  arch  ;  in  two,  neural  arch  ;  and  in  one,  centrum,  are  presiTved. 
These  have  been  recognized  chielly  by  their  neui'al  arches,  which  are  sep- 
ai*ate.  They  are  in  form  something  like  an  X,  the  extremities  of  the 
limbs  can*>ing  the  zygapophysal  surfaces.  The  only  iK>int  of  contact 
with  the  centrum  is  a  wide  process  which  stands  beneath  the  aiitorioi 
zygapophysis,  and  spreiids  out  foot-lil.e  obliquely  forwanls  and  outwards, 
to  b<*yond  the  line  of  its  anterior  margin.  Its  surface  extends  nowhen* 
l>osterior  to  the  surface  of  zygapoi>hysis  above  it,  but  a  little  further 
inwards.  Its  outer  margin  rises  ridge-liko  to  the  under  side  of  the  neural 
arch,  and  each  one  forming  a  semi-circle  forms  the  boundaiy  of  the  neu- 
ral canal,  and  turning  outwards  fonns  the  inner  boun<lary  of  the  iKisterior 
or  down-looking  zygapophyses.  The  space  between  these  apojiliyses  is 
roofe<l  over,  .so  as  to  produce  a  shallow  zygantium,  which,  however,  t>nly 
seems  to  roof  over  the  deep  emarginati(>n  of  the  neui*al  arch  of  the  verte- 
bra immediately  following.  The  anterior  zygapophyses  are  often  broken 
away,  w)  tlmt  the  neurapophysial  supports  look  like  the  missing  pair, 
when  the  difficulty  ensues  that  both  pairs  look  downwards.  The  top  of 
the  neural  arch  is  in  two  cases  broad  and  flat ;  in  two  others  there  is  an 
obtuse  keel. 

The  centra  apart  fi-om  theii-  arches  are  puzzling  bo<lies,  esi)ecially  since 
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in  the  present  case  they  are  somewhat  flattened  by  pressure.     They  dilfier 
materially  in  size,  one  of  them  being  twice  the  size  of  the  others.    The 
smaller  ones  are  of  the  ball  and  socket  type  and  have  a  deep  longitudinal 
groove  on  each  side.     The  thicker  portion  of  the  centrum  forms  the  In- 
ferior boundary  of  this  pit-groove,  while  a  thinner  portion,  possibly  a  dia- 
pophysis  limits  it  above.     It  is,  however,  thin,  and  had  no  great  length. 
There  is  no  sign  of  chevron  bones  and  articulationti,  so  that  these  veite- 
bne  may  have  been  cervical.     Their  bodies  are,  however,  shorter  and 
wider  than  in  those  vertebrse  of  any  known  tortoise.     A  groove  on  the 
upper  surface  repi'esents  the  neural  canal ;  while  a  flat  portion  on  each  aide 
in  front,  supports  the  neurapophyses.     The  large  centrum  exhibits  the 
superior  groove,  and  antero-lateral  platform  for  support  of  the  neural 
arch.    One  end  is  cupped  obliquely,  while  the  other  is  nearly  plane,  with 
the  same  obliquity  and  a  slightly  raised  margin.     Its  outline  is  sub-tri- 
angular.    The  lower  side  of  this  centrum  possesses  a  short  keel  posteriorly. 
The  sides  exhibit  no  pit,  but  have  a  thin  edge,  which  is  concave  behind 
the  middle,  and  then  turn  outwards.     I  can  see  no  articulation  for  a  rib. 
The  forms  and  characters  of  these  vertebrse  resemble  SphargU  more 
than  anything  yet  described.     Either  the  large  or  the  small,  or  both  must 
be  referred  to  the  dorsal  region ;  in  tliis  case  the  concavity  of  one  extrem<- 
ity  is  a  new  feature  among  tortoises,  so  far  as  known.     Tlie  great  freedom^ 
of  the  arch  from  the  centrum  is  very  peculiar,  while  it  is  probable  that  the- 
articulations  of  the  ribs  were  to  the  middle  of  the  side  of  the  body,  and^ 
not  to  the  adjacent  parts  of  two  bodies,  and  may  have  been  (see  below> 
to  processes  or  diapophyses. 

M. 

Length  medium  centrum 037 

Width  **  "       060 

Length  between  margins  of  zygapophyses  do 000 

Width  **  anterior        **  "  070 

**  **  posterior      "  **  047 

**  **  anterior  basis  of  arch 070 

**      arch  at  middle 028 

Length       **  "      040 

Width  posterior  zygapoi)hyses,  No.  2 048 

**       of  arch 025 

Length    "        035 

**       of  anterior  foot  (oblique) 02 

Length  centrum  of  large  one 00 

Width  »*  **        -  094 

**         neural  canal  **        **  017 

Ten  riha  wore  recovered.  These  are  slender  and  ratlier  flatter  than  in 
most  reptiles,  but  without  the  peculiar  form,  characteristic  of  tortoises 
and  turtles.  They  are  most  expanded  proxinially,  the  bone  spreading 
into  a  lamina,  from  the  tul>ercuhir  region,  extending  laterally  and  prox- 
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imally  some  distance  beyond  the  head.  The  superior  plane  of  this  expan- 
sion is  continuous  with  that  of  the  rib,  and  is  flat ;  the  head  of  the  rib 
therefore  turns  downwards  and  inwards  from  it,  to  join  the  vertebra. 
Now  the  extent  of  the  inner  part  of  the  lamina  is  such  that,  were  the 
bead  articulated  to  any  of 'the  centra  discovered,  the  former  would  inter- 
fere or  overlap.  They  may,  therefore,  have  been  articulated  to  diapophy- 
868.  The  expansions  are  serrato-digitate  on  the  margins,  and  exhibit 
radiating  grooves  and  ridges  in  some  places,  on  the  superior  aspect.  The 
lenfi^hs  of  these  ribs  are  not  so  gi'eat  as  the  proportions  of  some  of  the 

other  bones  would  indicate. 

M. 

Length  *'No.  VI.  "  (16  inches) 0.510 

Width  at  head 140 

"       of    **    040 

**       at  middle 055 

**       at  extremity 040 

Length  "No.  IL  " 8»0 

Width  "       just  below  the  hea<l 100 

"       at  middle 087 

Length  **  No.  IX. »' 380 

**      proximal  to  head 060 

Width  at  middle 08 

In  the  rib  *'No.  II."  the  head  is  turned  obliquely  to  one  side,  indicating 
that  the  rib  diverged  at  a  strong  angle  from  the  vertebral  column,  in  fact 
not  more  than  one  of  450.  This  is  then  an  interior  or  postsrior  rib,  prob- 
ably the  latter,  since  the  shell  is  usually  expanded  chiefly  in  that  direction. 
All  the  ribs  are  flat  above,  and  convex  inferiorly. 

Both  sides  of  the  scapular  arch  are  complete,  except  the  sutural  portions 
of  coracoid  and  scapula  of  one  side.  The  scapula  and  procoracoid  make 
a  very  open  angle  with  each  other,  both  being  stout;  the  scapula  the 
longer,  with  grooved  sculpture  at  its  proximal  end.  The  procoracoid  is  a 
little  the  shorter.  The  glenoid  cavity  and  coracoid  suture  are  almost 
sessile  at  the  union  of  the  scapula  and  procoracoid.  The  coracoids  are 
very  elongate,  almost  equal  to  the  ribs,  and  not  stouter  except  at  the  ex- 
tremity. It  is  expanded  into  an  oblique  head  proximally ;  the  shaft  is 
flat,  one  edge  thickened  or  truncated,  the  other  thin.  The  distal  poi-tion 
is  scarcely  expanded,  being  more  slender  than  in  any  recent  Testudinate 

known  to  me. 

M. 

Length  scapula  to  glenoid  cavity 0.213 

Width        "  proximally 045 

Length  procoracoid  to  articular  surface 106 

Width  **  distally 060 

Length  coracoid 400 

Width  proximally 086 

**       mediaUy 047 

"       distaUy 080 
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The  elongate  coracoid  resembles  most,  amoug  receut  Chelonians^  the 
marine  geiuis  ChchnCy  while  the  sessile  glenoid  cavity  and  short  pro- 
coracoid  with  0])en  angle  are  entirely  different.  In  these  points  this  genus 
is  more  like  terrestrial  forms  as  TeHtudo,  or  less  like  Emyi. 

Both  humeri  arc  entirely  preserved.  They  appear  to  have  been  some- 
what tiattenetl  hy  pressure  ;  but  when  unaltered  they  were  no  doubt  flat, 
witli  stcmt  proportions.  They  have  a  globular  head  with  an  immense 
trochanter  which  projectii  much  l>eyond  it  proximally.  The  shaft  is  there 
much  contracted,  and  expands  again  distally  to  the  broad  and  very  convex 
articular  extremity.  Opposit<>  the  narrow  part  of  the  shaft,  the  small 
trochanter  appears  on  the  inner  side,  fomiing  an  elongate  ala.  The  long 
axis  of  the  humerus  is  not  straight,  the  proximal  and  distal  portion 
making  an  angle  of  110 -'  with  each  other. 

M. 

Total  length  humeiiis  (1  ft.)  straight 0.300 

I-,ength  **  from  head 896 

Width  at  head 156 

**       of    *•     073 

Least  width  shaft - 076 

Gn*atest  distal  width 132 

Length  basis  little  trochanter 080 

Thickness  at  shaft 031 

The  flatness  of  this  element  and  situation  ol  the  large  trochanter  in 
the  gcnci-al  plane  are  charact^^rs  of  the  Sphargididcf ;  the  great  constric- 
tion medially  and  exi)ansion  of  both  extremities  remind  one  of  the  Mota- 
mnu'oid  humerus. 

Of  bones  of  the  fore  ann  thei*e  may  be  one,  but  the  bones  next  in  size  to 
the  humerus  look  more  like  metAcari>als  or  metatarsals.  Two  ot  them 
were  found  together  in  i)osition  and  their  rt^lative  positions  were  not  like 
tlH>sc  seen  in  the  fore-arm  of  sea-turtles.  They  measure  over  seven  inches 
in  length,  and  are  strongly  concave  on  their  adjacent  sides.  One  of  them 
is  slightly  concave  on  the  outer  side,  the  other  convex,  the  convexity  being 
at  V  the  length  from  one  end.  The  ends  of  both  ai-e  a  little  expanded 
and  one  en<l  of  one  displays  a  double  or  trochlear  extremity.  Tlie  same 
end  of  the  other  is  injured  by  pressure.  A  still  larger  metacarpal-like 
bone  is  relatively  more  expanded  at  the  ends.  The  articular  surface  oC* 
one  of  these  is  wide  at  one  end,  and  much  narrowed  at  the  other.  The 
smaller  Immrs.  undoubtedly  phahmges,  are  six  in  number.  They  are 
quite  slender,  a  little  expanded  at  thi^  ends,  and  flat. 

M. 

Length  largest 0.165 

Wi«lth  do.  at  extremity 065 

"      middle 033 

Length  h»ngi*st  of  pair 180 

Width,  extremity 050 

shaft 027 
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M. 

Length  phalange 033 

Width,  extremity 0:V2 

"         shaft 018 

Thickness  shaft Oil 


Tliese  measurements  indicate  for  the  fore  limb  a  total  length  of  4.52 
feet  (M.  1.347)  if  proportioned  as  in  Chelone  ;  this  would  give  an  expanse 
of  11.3  feet.  If,  however,  it  was  constructed  on  the  plan  of  Sphargi^^  the 
expanse  would  be  nearly  seventeen  feet. 

Several  instructive  cranial  bones  were  preserved.  These  are  the  miix- 
illary  and  distal  part  of  the  dentary  of  the  left  side  ;  the  posterior  part  of 
the  left  mandibular  ramus  ;  quadrate  bones  and  adjacent  pterygoids  ami 
squamosa^  one  side  with  the  columellar  plate  also  ;  right  post-orbital 
bone  and  part  of  the  left.     Also  some  probably  hyoid  elements. 

The  laaxiUary  bone  and  dentary  present  a  considerable  extent  of  the 
alveolar  margin.  This  is  remarkable  in  being  thin,  sharp  and  elevated, 
without  horizontal  p«>rtion.  The  former  bone  is  l)ut  little  incurved  to  the 
premaxiUary  suture  ;  its  anterior  outline  is  elevated  autl  vertical,  the  nos- 
trils entering  opposite  the  probable  middle  of  the  orbit.  The  palatal  plate 
of  the  maxillary  has  no  great  antero-posterior  extent,  so  that  the  inner 
nares  are  opposite  the  anterior  part  of  the  orbit.  The  latter  presents 
only  tlie  anterior  and  inferior  outlines  in  the  specimen.  The  part  of  the 
maxillary  below  it  is  very  narrow,  and  weaker  than  either  Sphargix  or 
Chelone,  The  cutting  edge  has  a  very  open  sigmoid  llexuns  sul>orbital 
part  being  turned  inwaixls,  the  anterior  part  a  little  outwards.  The  os- 
seous rim  of  the  orbit  projected  considerably  bey(md  the  i)lane  of  the  max- 
illary anteriorly. 

The  dentary  bone  is  very  deep  anteriorly,  and  like  the  maxillary  is  a 
thin  vertical  lamina.  The  lower  anterior  angle  is  truncated  by  an  acute 
concave  margin.  This  is  the  anterior  extremity  of  the  symphysis.  This 
suture  (»ccupies  the  inner  face  of  a  triangular  ai*ea  which  extemls  but  a 
short  distance  on  the  lower  margin  of  the  ramus,  and  then  passes  up- 
wards iind  backwards  for  a  short  distance  on  the  iinier  face  of  the  ranuis. 
That  portion  above  the  symphysis  diverges  outwards,  thus  producin/^  a 
deep  notch  at  the  symphysis,  as  though  designed  to  receive  a  Wak-like 
projection  of  the  premaxillaries.  The  cutting  edge  has  a  slight  sigmoid 
flexure  corresi)onding  with  that  of  the  maxillary  ;  it  rises  into  a  projecting 
angle. 

The  posterior  part  of  tlie  ramus  displays  the  cotylus,  and  in  front  of  it 
a  deep  long  fossa  l>ehind  the  articular  bone.  There  is  no  angle  nor  coro- 
noid  bone,  as  in  all  marine  turtles.  The  superior  margin  of  the  dentary 
is  thicker  posteriorly  than  in  front,  and  its  outer  wall  is  produced  back- 
ward as  a  thin  lamina,  covering  the  surangular  almost  to  the  posterior 
end  of  the  ramus.  The  angular  is,  as  in  recent  forms,  a  narrow  we<lge- 
sbaped  piece  below  the  dentary  and  surangular.  The  posterior  edge  of 
the  surangular  projects  behind  the  dentary  and  exhibits  an  acute  convex 
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edge  rising  forward.  It  supports  a  small  part  of  the  articular  cotylus  on 
its  iuner  face.  Most  of  this  portion  occupies  the  extremity  of  the  articu- 
lar. The  latter  sends  a  stout  lamina  obliquely  upwards  and  forwards  to 
the  lower  posterior  part  of  the  dentary. 

The  quadrate  bones  are  of  a  peculiar  form.  They  exhibit  the  usual  pos- 
terior curviture  above,  with  shallow  funnel-like  fossa  for  the  tympanic 
cavity.  It  presents  two  strong  ridges  anteriorly,  an  inner  and  an  outer 
which  encloses  a  deep  vertical  concavity.  The  inner  exhibits  the  suture 
with  tlie  pterygoid  bone,  the  outer  with  the  zygomatic.  The  superior 
border  of  the  quadrate  within  the  sqaumosal  is  massive  and  not  inflated. 
Its  surface  is  thickest  where  the  usual  articulation  with  the  opisthotic 
exists.  The  posterior  horizontal  is  short  and  deep.  The  transverse  part 
of  the  bone  which  supports  infcriorly  the  exterior  part  of  the  condyle  is 
thin,  and  disappears  above  the  antero- posterior  portion.  From  its  middle 
upwards  it  supports  the  zygomatic.  The  latter  has  no  great  extent  an- 
teriorly to  its  malar  suture,  and  its  inferior  margin  arches  high  above 
the  line  of  the  condyles  of  the  quadrate. 

The  pterygoid  hones  are  subtriangular  in  outline,  with  concave  sides,  an 
omarginate  base,  and  a  very  obliquely  truncate  apex,  which  articulates 
low  down  on  the  quadrate  bone.  Both  margins  arc  thickened  and  rounded, 
the  superior  as  boundary  of  the  foramen  ovale.  The  posterior  margin  of 
the  plate-like  columella  overlaps  it  on  the  inner  side,  deeply  notching  it ; 
on  the  outer  side,  the  suture  is  zigzag  and  transverse.  The  superior  part 
of  the  bone  is  produced  like  a  Hat  nxl,  and  at  its  end  exhibits  a  squamo- 
sal suture  for  union  with  what  is  in  the  snapper  a  postero-inferior  rod- 
like prolongation  of  the  columella.  No  such  process  of  the  columella 
ap])cars  to  exist  in  this  species.  The  columellar  plate  is  half  as  large  as 
the  pterygoid,  and  exhibits  the  oblique  suture  in  front  for  the  descending 
lamina  of  the  parietal. 

The  post  frontal  bone  of  the  left  side  is  preserved  entire,  and  the  inferior 
portion  of  that  of  the  ri^^ht.  The  inferior  margin  for  the  malar  is  the 
longest  and  is  straight.  The  orbit  is  excavated  in  part  from  its  anterior 
margin,  while  the  supero-posterior  is  a  continuous  cur\'e.  The  inferior 
suture  is  a  gro(»ve,  whose  inner  bounding  wall  is  convex,  but  rises  past 
the  straight  outer  to  an  inner  ridge,  which  probably  approaches  the  ec- 
loptcrygoid  region.  A  large  sntural  face  for  the  zygomatic  exists  at  the 
tower  posterior  angle,  and  an  elongate  one  above  for  the  parietal.  Th» 
imiLT  face  is  concave,  indicating  a  large  temporal  fossa  as  in  Sphargit  znidi 
Che  lone. 

Two  bones  of  opposite  sides  of  the  cranium  are  either  those  portions  of^ 

the  pterygoids  which  bound  the  temi)Oral  fossa  below  in  fW)nt,    or  thos^- 

l)i>rtions  of  the  maxillary  boundin^c  the  palatine  foramen.     As  the  fre<» 

niarjrin  is  niucli  tliick<MUMl  tlu-v  are  probably  the  former.     Their  inner  oc^ 

thinner  lamina  is  marked  for  squamosal  sutun^  with  other  bones,  i>erhap 

columella  and  palatine. 

^ft^l»nr^;nin\tn  of  Cranium.  M. 

Depth  premaxillary  suture  of  maxillary 0.06 

Length  from  do.  suture  to  inner  nares 068 
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M. 

Depth  maxillary  below  orbit 085 

**      dentary  at  symphysis 078 

"      notch  of  do.        do 044 

**      dentary  behind  symphysis 095 

**  **       at  coronoid  region 085 

"      ramus  at  front  of  cotylus 061 

Length  pterygoid  fossa  of  do 06 

**      cotylus  do     07 

"      postfrontal  on  inferior  suture 195 

Depth        "  at  boundary  of  orbit 136 

Thickness  **  lower  suture 019 

Length  from  orbit  (oblique) 115 

Length  right  quadrate 140 

Width  (antero-posterior) 110 

**     of  condyle 064 

Length  right  pterygoid  superiorly 155 

Depth  do.  at  inner  coliimellar  angle 100 

Length  (oblique)  of  columella 085 

Restoration.  Better  materials  exist  for  the  restoration  of  this  species 
than  is  usual  in  the  case  of  most  extinct  Testudinata.  The  cranium  wa8 
.50  M.,  or  24f  inches  in  length.    If  tlie  neck  and  carapace  were  related  to 

it,  as  in  the  genus  C ketone,  the  tolal  would  be  as  follows  : 

Inohes. 

Cranium 24f 

Neck  and  carapace 138  J 

Total  12.83  feet 154^ 

an  extent  not  far  from  the  expanse  of  the  flippers  above  given,  viz.,  11.80 
feet.  The  shortness  of  the  cervical  vertcbraB  indicate  that  the  proportions 
of  the  neck  were  not  dissimilar  to  those  of  the  existing  marine  genera. 
The  flippers  were  probably  similar  to  the  same ;  of  the  hind  limbs  nothing 
can  now  bo  stated.  The  shortness  of  most  of  the  ribs  considered  in  con- 
nection with  the  length  of  the  carapace,  is  remarkable.  Thus  the  long- 
est rib  measures  .51  M.  or  16  inches;  width  of  lateral  marginal  beyond 
apex  of  rib  2.25  inches  ;  width  of  vertebra  3  inches,  which  is,  however, 
covered  by  the  expansion  of  the  rib,  included  in  this  case  in  the  length 
16  inches.  Total  width  of  carapace  at  middle,  36^  inches.  Length  of 
carapace  118  inches;  or  wide  3  feet  ^  inch;  length  9  feet  10  inches. 
This  outline,  three  times  as  long  as  wide,  is  justifled  in  measure  by  the 
size,  especially  the  lengths,  of  the  marginals,  which  if  placed  end  to  end, 
would  measure  on  one  side  of  eleven  pieces,  if  each  were  as  long  as  the 
median,  8.5  inches  X  H  —  7.8  feet.  Some  of  the  posterior  marginals  are 
shorter  than  8.5  inches,  while  some  of  the  anterior  appear  to  be  longer. 
The  length  8.5  may  then  be  taken  as  an  average.  But  they  formed  the 
circumference  of  an  open  arc,  so  the  axial  length  of  the  carapace  should 
be  placed  at  a  lower  iigure  than  the  above.  This  proposition  may  be  ofl*- 
setted  by  the  fact  that  the  marginals  were  not  united  to  each  otlier  and 
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cxiiibit  no  indi<;ations  of  contact.  Tho  length  of  7.8  feet,  for  the  cara- 
pace is  not  then  too  much,  and  cstimatin<^  from  the  size  of  the  head  is 
too  little.  "\Vo  can  tlien  safely  conclude  that  the  carapace  of  this  turtle 
is  more  elongate  and  nar^o^vc(l  than  existing  fonns.  Thus  in  Chelone 
inyda»  the  carapace  is  six-eighths  as  wide  as  long. 

It  remains  to  discuss  the  (juestion  of  the  age  of  the  specimen.  It 
might  be  objected  that  the  absence  of  ciu*ai)ace,  and  the  nidiate  character 
of  the  Tuargins  of  many  of  the  bones  indicate  that  our  type  si)ccimen  is 
young.  To  this  it  may  be  replied  { 1),  that  it  is  in  the  (?)  sternal  bones 
unlike  the  young  of  any  known  type,  when  certain  of  tlieir  bodies  do  at 
all  times  ('xliil)it  smooth  margins  as  boundaries  of  the  points  of  exit  of 
the  limbs ;  moreover,  it  is  possible  that  these  plates  were  dorsal.  (2» 
The  superior  or  inner  extension  of  the  marginals  exceed  that  of  any 
known  tortoise  in  the  adult  condition.  (Jj)  The  articular  bone  is  ossified. 
i\)  Separate  ribs  should  be  discovered  among  extinct  tortoises  as  an 
adult  character,  (m  theoretical  grounds,  tho  more  as  it  exists  in  one  re- 
cent g«'nus  {Splmn/iit^  vide  Waj^ler). 

Affinifus.  In  discussing  these,  one  i)oint  heretofore  left  doubtful  may 
be  lirst  considered.  The  large  tiat  elements  described  as  latenil  dermal 
bones  ;  are  they  ossific^itions  of  the  dorsjil  or  ventral  integument?  They 
were  found  below  all  the  other  bones,  and  nearly  all  the  ribs  laid  on  them 
with  their  heads  turned  upwards.  This  rendered  it  pi-obablc  that  the 
shields  were  dorsal,  and  that  the  animal  was  ent<mibed  on  its  back,  and 
a  coracoid,  which  was  afterwards  found  lying  immediately  on  the  largest 
bone  (Xo.  10),  crossed  in  its  course  pai-ts  of  two  ribs.  This  could  not 
have  been  the  case  had  the  shields  boi'u  ventral.  An  examination  of  the 
shicMs  d<K*s  not  reveal  any  c<mfonnity  to  any  known  tyi>e  of  Testudinate 
plastron.  The  lK>nes  radiat<'  in  all  directions,  leaving  m»  margins  for  fore 
and  hind  limbs,  or  for  a  median  tontani-lle,  still  less  for  suture  with  each 

<»ther. 

Should  these  hones  then  be  regarded  as  dorsal,  they  c(mstitute  a  char- 
acter not  i»ri^viously  noticred  in  the  order,  but  one  whose  homologue  is 
seen  probably  in  the  dermal  shield  of  bony  tesselated  plates  seen  in 
Sph(fr;/i.t.  The  other  points  of  alhnity  to  Spltun/is  are  the  distinct  rilw  : 
the  thin  htminil'orm  jaws  with  cutting  edges;  the  quadrate  bone  with 
such  a  strong  anterior  concavity:  the  elevate<l  i)osition  of  the  zygomatic 
bone  ;  the  form  of  the  humerus.  l\»ints  of  special  resemblance  to  Cfulonr 
are:  the  short  posterior  superior  jntrtion  of  the  quadrate;  the  ^entire 
edge  of  the  maxillary  bone  :  the  d«Tp  tlentary.  The  points  in  which  it 
dilVers  froni  b(»th,  are  numerous.  'I'hey  are  :  the  dorsal  shields,  the  mar- 
ginals, the  notched  sym])hysis.  etc.  ;  the  shortened  articular  end  of 
scapula  ;  the  elongate  form  of  the  eanipace.  etc. 

The  couNtanl  M'par.ition  of  the  ribs,  and  Ihe  short  vertebne,  are  char- 
acters which  are  more  like  those  poss«'ssed  by  other  reptiles,  than  those 
clianii't eristic  of  Ttntuiiiuiitit.  The  i)rescnce  of  dermal  dorsal  bones  is 
i)f  tlu' same  kin<l.  The  genus  Pr'*fffsfi  f/a  tlu-n  belongs  near  the  S^hnrg- 
iditiit'  in  the  suborder  At/nnr,  and  is  in  some  i)oints  to  1k5  a])proximated 
to  the  (luloniiii'fht. 
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Distribution.  This  fossil  was  found  near  Ft.  Wallace,  W.  Kansas.  It 
was  entirely  recovered  by  excavating.  The  edges  of  one  of  the  large 
bony  shields  were  seen  projecting  from  a  bluff  near  Butte  Creek,.and  was 
followed  into  the  chalk  rock  with  pick-axe  and  shovel  with  the  result 
already  indicated.  The  large  bones  were  exposed  in  an  entire  condition, 
but  were  much  fractured  in  the  attempt  to  lift  them  from  their  bed. 
Though  carefully  packed,  the  transport  of  1500  miles  still  further  injured 
them,  and  the  portions  described  were  reconstructed  of  over  800  pieces 
by  myself.  One  of  the  bony  plates  was  broken  into  108  pieces,  the  ribs 
into  183,  the  marginals  into  146,  etc. 

This  species  may  be  called  Protostega  (jigas.  Cope.*  A  second  species  ap- 
pears to  have  existed  during  the  Cietaceous  period,  as  indicated  by  a 
humerus  from  near  Columbus,  Miss.,  sent  by  Dr.  Spillman  to  the 
Academy  of  Natural  Sciences.  With  it  were  received  bones  of  the 
Mosasauroid  Platecarpus  tympaniticus,  and  Dr.  Leidy,  who  described 
thcm,t  regarded  all  as  belonging  to  one  animal.  On  this  basis  he  ex- 
pressed the  opinion  that  the  fore  limbs  of  the  Pythonnmorpha  were 
natatory.  That  this  view  was  correct  I  proved  by  study  of  the  skeleton 
of  CUdastes  propythojiy  and  it  now  appears  that  the  fore  limbs  of  the  latter 
were  the  first  ever  described. 

The  humerus  of  the  Mississippi  Protostega  (see  Leidy,  1.  c,  PI.  viii., 
Fig.  1-2)  is  more  elongate  than  that  of  the  P.  gigasy  and  is  less  contracted 
medially.  The  (great  trochanter  or)  deltoid  crest  is  longer  and  stouter, 
and  the  process  answering  to  tlie  little  trochanter  is  more  prominent, 
rounded,  and  proximal  in  position.  It  indicates  a  rather  smaller  animal 
than  the  Kansas  specimen,  and  may  be  named  Platecarputt  tuberosus. 

A  third  species  is  represented  by  a  humerus  found  in  the  cretaceous 
green-sand  of  New  Jersey.  It  was  a  huge  animal,  exceeding  not  only 
the  species  just  described,  but  even  the  Indian  Colossorhelya  atlas, 
usually  regarded  as  the  largest  of  the  order.  It  was  regarded  by  Leidy 
as  pertaining  "to  the  great  Mosaaaurus,^^  but  Agassiz  regarded  it  as 
Chelonian  in  affinities,  naming  it  Atlantochelys  inortonii,X  Its  great 
trochanter  is  very  prominent,  as  in  P,  taberosusy  but  the  lesser  one  is 
smaller  and  nearer  the  condyle  or  head.  The  sliaft  is  still  more  slender 
and  not  flattened,  but  subcylindric.  It  may  l)e  called  ProtoRtega  neptunia. 
It  is  figured  by  Leidy,  1.  c.  PI.  viii.  fig.  3,  4.  In  this  connection  may  be 
recalled  the  vertebrae  of  a  gigantic  animal  from  the  New  Jersey  Cre- 
taceous, described  by  the  writer  as  belonging  to  an  extinct  species  and 
genus  under  the  name  of  Pneumatarthrus  pdoreuf(.  It  is  (luite  likely 
that  these  belonged  to  a  turtle  still  larger  than  the  Protostega  neptunia, 
(See  Proceed.  Amer.  Philos.  Soc.,  1870,  p.  440.) 

•Proceed.  Amer.  Phllo«.  Soc.  1871,  p.  173. 

t  Cretaceous  Reptilos  uf  North  America,  p.  42.    SmitliKon.  Contrib.  ISM. 

tThis  name  was  nnaccompanied  vrith  the  nocensary  description,  and  is  hence  nseless  to 
tdenoe. 
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Stated  Meeting^  March  15,  1872. 

Present,  12  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Prof.  Edwin  J.  Houston,  a  newly  elected  member  was  pre- 
sented to  the  presiding  officer  and  took  his  seat. 

Photographs  for  the  album  were  received  from  Mr.  George 
Davidson,  XJ.  S.  Coast  Survey,  and  from  Prof.  0.  C.  Marsh, 
of  New  Haven. 

A  letter  requesting  exchange  of  publication  was  received 
from  Prof.  C.  F.  Chandler.  Editor  of  the  American  Chemist, 
dated  School  of  Mines  of  Columbia  College,  corner  of  49th 
St.  and  Fourth  Avenue,  New  York,  March  12, 1872.  On 
motion,  the  American  Chemist  w^as  ordered  to  be  placed  on 
the  list  of  correspondents,  to  receive  the  Proceedings. 

A  circular  letter  was  received  from  the  Royal  Academy  of 
Sciences  of  Belgium,  inviting  the  Society  to  assist  at  its 
Centennial  Anniversary,  May  28th  and  29th  next  ensuing. 

Lettei's  of  envoy  were  received  from  the  P.  0.  Society  at 
Konigsberg,  dated  July  10, 1871,  and  from  the  Central  Bu- 
reau of  Statistics  at  Stockholm,  dated  Nov.  4, 1871. 

Letters  of  acknowledgment  were  received  from  the  Central 
Bureau  of  Statistics  at  Stockholm  (81  to  85).  Le  Bureau  des 
Longitudes,  at  Paris,  dated  Nov.  19,  1871  (82,83);  Feb.  14, 
1872  (86).  The  Smithsonian  Institute,  Feb.  28,  1872  (87), 
and  tlio  Congressional  Library,  March  5,  1872  (XIV  iii.). 

Donations  for  the  Library  were  received  from  tlie  C.  B.  of 
Statistics  of  Sweden,  the  Society  at  Konigsberg,  the  Royal 
Acadcmv  at  Berlin,  the  K.  K.  Gcolofjcical  Institute  and 
Anthropological  Society  at  Vienna,  the  Royal  Library  at 
Munich,  the  Montsouris  01)servatory  and  Bureau  des  Logi- 
tudes  at  Paris,  the  Revue  Politique,  the  Royal  Geological 
Society  of  Cornwall,  the  Museum  of  Conij)arative  Zoology  at 
Caiiil)n(li!:o,  Mass.;  the  American  Journal  of  Science,  the 
Now  York  Lvceniii  of  Natural  llistorv,  the  Albany  In?ti- 
tute,  Prof.  Chandler,  the  Xew  flersey  Historical  Society,  the 
American  Pharmaceutical  Society,  the  Medical  Xews  and 
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Library,  the  Franklin  Institute,  the  Penn  Monthly,  the  Li- 
brarian of  Congress,  the  Chief  of  XJ.  S.  Engineers,  Senator 
Charles  Sumner,  and  Prof.  F.  V.  Hay  den. 

The  death  of  Christian  Olrik,  of  Denmark,  a  member  of 
the  Society,  was  announced  by  the  Secretary. 

The  committee  to  which  was  referred  the  paper  of  Prof. 
Stevenson,  on  West  Virginia  Coal  Measures,  reported  in  fa- 
vor of  its  publication  in  the  Transactions,  which  on  motion 
was  so  ordered. 

A  communication  entitled,  On  some  remarkable  relations 
between  the  mean  motions  of  Jupiter,  Saturn,  Uranus,  and 
Neptune,  received  by  letter  from  Prof.  Daniel  Kirkwood, 
dated  Bloomington,  Monroe  County,  Ind.,  March  11, 1872, 
was  read  by  the  Secretary. 


Oh  some  Remabkable  Relations  between  the  Mean  Motions  of 
JupiTEU,  Satubn,  Ubanus,  and  Neptune. 

By  Prof.  Daniel  Kikkwood. 

{Bead  before  the  American  Philosophical  Society,  March  XWi,  1872.) 

It  was  noticed  by  the  writer  Heveral  years  since,  that  85  periods  of 
Jupiter  are  nearly  equal  to  12  of  Uranus,*  and  that  149  i)eriods  of  Uranus 
are  approximately  equal  to  76  of  Xeptune.  If,  therefore,  n  v ,  nvi,  ?ivn  and 
n^iii  denote  the  respective  mean  motions  of  Jupiter,  Satuni,  Uranus,  and 
Neptune,  these  relations  are  expressed  as  follows  : 

12»v  _8ovll  —  76vil  —  140  vi»,  nearly  ; 
or,  12»v  _  lOlTivii  -j    149/iVlil  —  -  ^      .       .      .       .     (1). 

With  Newcomb's  value  of  n^***  and  the  values  of  ny  and  »vii  adopted 
in  the  American  Ephemeri$,  we  find  y  —  300".     The  equation, 

82»vi  —  1537jvn  ...  I21»viii  —  —  ^       .        .        .     (2), 

was  obtained  by  a  process  somewhat  similar.     Subtracting  (2)  from  (1), 
and  dividing  by  4,  we  have 

3„y  _  8/ivI  _  2»vll  -.   77ivm  —  0,     .         .         .         .     (3).t 

This  equation,  like  that  which  exists  between  the  mean  motiims  of 
Jupiter's  first  throe  sat(?llitcs,  is  doubtless  exact.  The  mean  motion  of 
Neptune  is  less  accurately  known  than  those  of  the  old  planets.  If  we 
assume,  then,  that  the  received   values  of  n^ ,    ^vi^  nvii^   are   correct, 

*  Rnnkle's  Mathomatirul  Monthly,  Jauuary.  ISfD. 

tEqnmtion  (3),  without  auy  account  of  ltd  discovery,  was  given  in  Sllllman'a  JournaL, 
Xareh.  1872. 
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the  value  of  WvHi,  found  by  equation  (3),  is  7863".983,  differing  from  New- 
comb's  value  (7804''.935)  by  less  than  1". 

The  corresponding  relations  between  the  mean  longitudes  of  the  four 
outer  planets  are  sufficiently  obvious.     Thus, 

3/v  —  8/vl  —  2Zvii  -f  T^vHi  —  X  —  a  constant    .        .        .     (4). 

With  a  slight  correction  of  the  elements,  it  will  probably  be  found  that 
X  —  13rA 

Again  :  the  equation, 

Yinvi  —  228»^ii  -f  21l7»viii  =  o,         .        .        .        .     (5). 

found  in  the  same  manner  as  (1),  is  believed  to  be  exact.     Combining  (8) 
and  (5),  we  obtain 

G8/iVi  _  325/ivl»  -L  257/ivHl  —  0,  .         .         .     (6), 

2o7;iV  _844»vl    -|.  r)87/ivil    _  o,         .        .        .     (7), 
325;iv  —  912nvl    -f  o87/iViiI  —  0,  .         .         .     (0). 

These  equations  indicate  that  in  a  cycle  of  about  11657.2900  Julian 
years,  the  planets  Jupiter,  Saturn,  Uranus,  and  Neptune  return  to  the 
same  relative  mean  longitudes,  Tlie  equations  are  all  satisfied  by  the 
following  values.    The  received  values  are  given  for  the  convenience  of 

comparison.     In  column  first  ff'  _   }?^yZ^- 


THEORETICAL   VALUES.  Jr.-T,™  1  DIFFERENCES. 

VALUES. 


74V  «.  1092o0".719     1  109256'^719     '  0^^000       , 

,       nvi   =7AV_587.r—      43996.971  43996.127  -fO'^844      \ 

7ivii  — /iv  __  844/r  —      15424.986  15424.509     ,       -f0''.477      ' 

7iviH_;iV-_912,r—        7865.083  7864.935  40'M48 

_    _     _     _  _  ;  I ' 

Tlio  received  value  of  Jupiter's  mean  motion  is  hero  assumed  to  l)e 
correct.  Any  change  would  produce  a  corresponding  variati(m  in  the 
remaining  values.  A  revision  of  the  theory  of  the  orbits  will,  of  course, 
result  in  some  slight  modifications.  I  believe,  however,  that  the  relations 
expressed  by  the  preceding  equations  will  be  found  strictly  exact.  If  so, 
it  must  follow  tliat  no  three  of  the  four  outer  planets  can  ever  be  in  con- 
junction at  the  same-  time, 

Bloomington,  Ind.,  February^  1872. 
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Stated  Meetmg,  April  5, 1872. 

Present,  21  members. 

Vice-President,  Prof.  John  C.  Cressox,  in  tlie  Chair. 

Letters  of  acknowledgment  were  received  from  the  Koyal 
Academy,  Lisbon,  Feb.  ir>,  1872  (XIIl.  iii.  81,82);  The 
Royal  Institution,  London,  Feb.,  1872  (XIV.  iii.  87 — XIV. 
ii.  wanted);  The  Anthropological  Institute  ot  Great  IJritain 
and  Ireland,  London,  March  21,  1872  (XIV.  iii.  87):  and 
the  New  York  Lyceum,  >»'.  II.,  March  2/),  1872  (XIV.  iii.). 

Letters  of  envoy  were  recteived  from  the  V ,  S.  Xaval  Ob- 
8er\'atory,  AVashington,  March  25,  1872,  and  the  Xew  Jer- 
sey Historical  Society,  Newark,  March  30,  1872. 

Donations  for  the  Jjibrary  were  received  from  the  Russian 
Geographical  Society,  the  R.  Prussian  Academy,  the  R.  l^el- 
gian  Academy,  the  Paris  Geographical  Society  and  Revue 
Politique,  the  Royal  Astronomical  Society,  Meteorological 
Office,  and  Editoi-s  of  Xature;  the  Argentine  Astronomical 
Observatory,  A meri(*an  Antiquarian  Society,  lisex  Institute, 
Boston  Old  and  ^"ew,  American  Journal  of  Science,  Ameri- 
can Chemist,  Prot.  James  Hall,  Xew  Jersey  Geological  Sur- 
vey, New  Jei'sey  Historical  Society,  Philadeli)hia  AVater 
Dejmrtment,  American  Journal  of  Pharmacy,  Gen.  Hector 
Tyndttle,  the  Franklin  Institute,  T.  S.  Naval  Observatory, 
and  Minnesota  Historical  Societv. 

Mr.  Sol.  W.  Roberts,  pursuant  to  appointment,  read  an 
obituary  notice  of  the  late  Mr.  Edward  Miller. 

The  death  of  Mr.  Samuel  Jackson,  (m  the  4th  instant,  in 
Philadelphia,  aged  85,  was  announced  by  Mr.  Fraley. 

The  death  of  Dr.  Samuel  J  I.  ])ickson,  on  the  31st  ult.,  in 
Philadelphia,  aged  72,  was  announced  by  Mr.  Fraley. 

The  death  of  Mr.  El  wood  Morris,  on  tlie  2d  inst.,  aged  59, 
was  announced  bv  Mr.  Roberts. 

The  death  of  Prof.  S.  F.  B.  Morse,  on  the  3d  inst.,  aged 
81,  was  announced  by  Prof.  Cresson. 

Air.  T.  B.  Brooks,  State  Geologist  of  Michigan,  read  a 
paper  on  "'Magnetism  of  the  Rocks  of  the  Marquette  lie- 
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gion,"  near  Lake  Superior,  which  was  referred  to  a  Commit- 
tee, consisting  of  Prof.  Lesley,  Dr.  Qenth,  and  Mr.  Lyman. 

Mr.  Eli  K.  Price  presented  for  record  a  notice  of  the 
Aurora  of  February  4th. 

Mr.  Chase  communicated  a  note  of  new  relations  between 
the  distances  of  the  Moon  from  the  Earth,  and  those  of 
Jupiter  and  the  Earth  from  the  Sun. 

Pending  nominations,  Nos.  689,  690,  691,  692,  were  read. 

And  the  meeting  was  adjourned. 


Stated  Meeting,  April  19^A,  1872. 

Present,  25  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

A  letter,  acknowledging  receipt  of  Diploma,  was  received 
from  Major  R.  8.  Williamson,  U.  S.  C.  S.,  San  Francisco, 
April  10th,  1872. 

A  letter,  acknowledging  the  receipt  of  Transactions  XIV. 
iii.,  and  Proceedings  No.  87,  was  received  from  the  London 
Society  of  Antiquaries,  Somerset  House,  March  28th,  1872. 

Donations  for  the  Library  were  received  from  Dr.  Carl 
Neuman,  of  Leipzig ;  SS.  Mantegazza  and  Finzi,  of  Florence 
(Archivis  Anthro.  e  Eth.);  M.  Delesse,  of  Paris;  the  Revue 
Politique,  London  Xaturc,  R.  Geological  Society  of  Ire- 
land, Rev.  Samuel  Houghton,  the  Boston  Society  of  Xatural 
History,  American  Numismatic  and  Archaeological  Society, 
Prof.  0.  C.  Marsh,  of  New  Haven ;  American  Journal  of  the 
Medical  Sciences,  News  and  Library,  Penn  Monthly,  Ameri- 
can Iron  and  Steel  Association,  Dr.  Elder,  Mr.  Eli  K.  Price, 
Mr.  George  Davidson,  the  Coast  Survey,  Smithsonian  Insti- 
tution, and  University  of  Virginia. 

Prof.  J.  F.  Fisher  mentioned  the  death  of  the  distin- 
guished Getievan,  M.  Pictet  de  la  Rive. 

The  Committee  to  which  was  referred  the  map  and  paper 
on  a  Coal  District  in  Southern  Virginia,  reported  recom- 
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mending  the  publication  of  the  same  in  the  Transactions ; 
which  was  so  ordered. 

The  Committee  to  which  was  referred  the  i>aper  on  the 
Magnetism  of  Rocks,  &c.,  by  Major  T.  B.  Brooks,  reported 
that,  since  the  Legislature  of  Michigan  had  recently  made 
an  api>ropriation  for  the  publication  of  the  whole  Keport  of 
the  Survey  of  Major  Brooks'  District,  they  recommend  that 
the  Secretaries  be  requested  to  prepare  an  abstract  notice  of 
the  paper  for  the  Proceedings.  The  report  was  concurred 
in. 

Prof.  Chase,  according  to  notice  given,  gave  an  explana- 
tion of  his  method  of  estimating  the  Sun's  mass  and  dis- 
tance by  the  energy  of  flames,  with  diagrams  and  tables. 

Prof.  Persifor  Frazer,  Jr.,  communicated  the  results  of  his 
spectroscopic  observation  of  the  late  Aurora. 

Dr.  K.  E.  Rogers  exhibited  the  capacities  of  a  fine  Iloltz 
Electrical  Machine,  and  described  his  proposed  modification 
of  its  form  for  purposes  of  instruction. 

The  prime  plate  is  replaced  by  horizontal  plates,  laid  upon  wine  glaHses, 

or  upon  removable  rubber  stand- 

Olbdjfttdfitm^fftliglJ^lrieaiMmeiuu,  ^rds.  The  rotating  plate  is  made 
^fXwKagfmM^  ^         to  rotate  horizontally  over  them, 

its  axis  passing  veitically  down- 
ward through  the  table,  the  driving 
wheel  being  underneath.  Two 
standards  carry  the  combs,  etc., 
and  can  be  swung  round  out  of  the 
way.  Every  part  of  the  machine 
can  be  removed  in  a  charged  state, 
to  be  tested  and  compared  with  its 

condition  before  removal. 

The  Secretary  exhibited  a  water-color  picture  of  a  geo- 
logical sectional  model  of  Morrison's  Cove,  in  Middle  Penn- 
sylvania, painted  by  Mr.  J.  W.  Harden,  C.  and  M.  Engineer, 
of  Philadelphia,  and  invited  attention  to  the  highly  artistic 
style  and  beauty  of  the  work. 

Pending  nominations,  K"os.  689  to  692  w^ere  read,  spoken 
to,  and  balloted  for.  New  nominations,  Nos.  693  and  694, 
were  read.    There  being  no  further  business,  the  ballot-boxes 
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were  scrutinized  by  the  presiding  officer,  and  the  following 
gentlemen  declared  duly  elected  Members  of  the  Society: 

M.  Jean  Baptiste  Leon  Say,  Prefect  of  the  Seine,  Paris. 

Mr.  Lorin  Blodget,  of  Philadelphia. 

Dr.  D.  Hayes  Agnew,  of  Philadelphia. 

Mr.  Adolph  E.  Borie,  of  Philadelphia. 

And  the  meeting  was  adjourned. 


Stated  Meetlmj,  May  M,  1872. 

Present,  18  members. 

Vice-President,  Prof.  Cresson,  in  the  Chair. 

A  letter  accepting  membei'ship  was  received  from  Dr.  D. 
Hayes  Agnew,  dated  1611  Chestnut  Street,  Philadelphia, 
April  2-2,^872. 

A  Circular  Letter,  signed  by  the  Mayor  of  Strasburg  and 
others,  requesting  donations  to  the  Municijial  Library  of 
that  citv,  destroyed  Auii^ust  24,  1870,  was  read. 

On  motion,  the  request  of  Prof.  Stevenson,  to  print  a  note 
to  his  Memoirs  in  the  Transactions,  was  granted. 

Donations  to  the  Library  were  announced  from  the  Royal 
Academies  at  Berlin  and  Brussels,  the  Geographical  Society 
and  IV)litical  Review  of  Paris,  London  Xature,  the  Canadian 
Naturalist,  Old  and  Xew,  Silliman's  Journal,  Anierican 
Chemist,  IVof.  Mayer,  the  Franklin  Institute,  College  of 
Physicians,  Pennsylvania  Historical  Society, and  Dr.  Jlavden. 

The  death  of  John  V.  Brown,  a  member  of  the  Society,  at 
Constantinoj)le,  on  the  28th  ult.,  was  announced  by  the 
Secretary. 

The  death  of  Dr.  AV.  W.  Gerhard,  a  member  of  the  So- 
ciety, at  his  residence,  12(M)  Spruce  Street,  IMiiladclphia, 
Aj)ril  28th,  aged  63,  was  amiounced  by  the  Secretary. 

\)r,  Rogei's  explained  to  the  membei's  present  his  improved 
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Galvanic  Battery;  and  also  an  improved  method  of  analyzinir 
irons  an<l  steels  for  their  contained  carbon,  by  the  use  ot 
bichromate  of  potassium: 

The  wood-cut  reprosciitH  a  trougli,  on  which  stands  tlie  battery  of  cups. 

A  pair  />f  tubes  descend  from  eacli 
gmirmnU  XaStiiy,  ffXJiSbytmM§.     cup,  through  the  lid  of  trough,  intu 

the  lii^uids.  Tlie  trough  is  divided 
lengthwise  by  a  diaphragm.  Th<* 
tul>es  of  each  pair  descend  one  on 
each  side  of  the  diaphnigni.  The 
lid  of  the  trough  is  made  air-tight, 
by  the  following  an*angement :  A 
groove  is  sunk  in  the  upi>er  edge  of 
of  the  four  walls  of  the  trough,  and  a  bead  to  lit  the  groove  runs  round 
the  under  side  of  the  lid  near  the  edge.  The  groove  being  half  filled 
with  mercury,  the  joint  is  kept  air-tight  by  tiie  weight  of  the  lid  and  bat- 
tery. An  India-rubber  pipe  enters  the  trough,  and  the  breath  \ov  a  bel- 
lows) is  sufficient  to  cause  the  liquids  to  ascend  into  the  cups  of  the  bat- 
tery during  work.  After  work,  the  cork  is  withdrawn  from  the  mouth- 
piece of  the  India-rubber  tube,  and  the  liquors  fall  back  into  tlie  trough. 
The  lid  and  battery  can  tlien  be  removed  and  washed. 

Mr.  Lesley  described  the  faulted  structure  of  the  district 
around  Embreeville,  in  East  Tennessee ;  and  exhibited  w 
suite  of  Euroi^an  iron  ores,  owned  by  Mr.  Thomas  Graham, 
and  another  of  the  ores  of  North  Carolina. 

Prof.  Cope  described  the  sightless  fauna  of  the  Mammoth, 
Wyandotte,  and  other  Caves. 

Pending  nominations,  Nos.  693,  694,  695,  were  read, 

And  the  meeting  was  adjourned. 


Stated  Meeting,  May  Vlth,  1872. 

Present,  13  members. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

A  letter  accepting  membership  was  received  from  Pro- 
fessor Guillaume  Lambert,  dated  Bruxelles,  Rue  Traversi^re. 
Na  78,  April  30, 1872. 

A  letter  acknowledging  receipt  of  Transactions,XIV.,  i.ii., 
and  Proceedings,  78-85,  was  received  from  l^rofessor  Paolo 
Volpicelli,  date<l  del  Campidoglio,  Roma,  Reale  Ace.  d. 
Lincei,  December  12, 1871. 

▲.  p.  B. — ^VOL.  XII. — 3d 
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Donations  for  the  Library  were  received  from  Qehe  k  Co., 
of  Dresden,  the  Revue  Politique,  London  Nature,  the  R.  As- 
tronomical Society,  Cambridge  jSluseum  of  Comparative 
Zoology,  Boston  Society  of  Natural  Sciences,  Buftalo  Young 
Men's  Association,  Dr.  Geo.  B.  Wood,  Mr.  Sol.  W.  Roberts, 
the  Medical  News,  Penn  Monthly,  Petroleum  Monthly, 
AVilmington  Institute,  and  U.  S.  Corps  of  Engineers. 

Professor  Chase  exhibited  an  annual  Auroral  Curve  and 
explained  its  relations  to  the  periodic  maxima  and  minima  of 
meteoric  displays,  &c. 

Professor  Chase  exhibited  a  drawing  to  illustrate  the 
capacity  of  Mr.  HolmaYi's  pen  to  draw  continuous  lines  of 
any  length  and  thickness. 

Professor  Chase  then  gave  in  tabular  form,  various  recently 
calculated  planetary  relationships. 

Dr.  Rodgers  described  his  manner  of  obtaining  an  unlim- 
ited supply  of  electricity  by  the  steam  jet  from  a  high- 
pressure  boiler,  not  insulated,  and  in  all  weathers. 

This  gave  rise  to  a  discussion  of  electrical  phenomena 
during  volcanic  eruptions  and  earthquakes. 

Pending  nominations,  Nos.  693  to  695,  and  new  nomina- 
tion, Xo.  696,  were  read. 

And  the  meeting  adjourned. 


Stated  Meeting,  June  21, 1872. 

Present,  8  membei's. 

Vice-President,  Mr.  Fraley,  in  the  C'hair. 

Photographs  for  the  Album  were  received  from  Dr.  Ed. 
Jarvis  of  Dorchester,  Mass.,  Dr.  Elisha  J.  Lewis  of  Philadel- 
phia, and  tfudge  W.  II.  Lowrie,  of  Meadville,  Pa. 

A  letter  accepting  membership  was  received  from  M.  Leon 
Say,  <late<l  Paris,  lOth  Afay,  1872. 

jAtters,  acknowledging  receipt  of  publications,  were  re- 
ceived from  the  Hungarian  Academy,  May  4, 1872  (XIII., 
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3;  XIV.,  1,  2:  81-86);  Ilerr  G.  Von  Frauonfeld,  Vienna, 
12, 1871  (82);  Astronomical  Society,  Leips^ic,  February  20, 
1872(86);  Royal  Library,  Berlin,  March  1,1872(86)  ^  Royal 
Society,  Gottingen,  January  10,  1872  (XIV.,  1,2:  83,84, 
85);  Royal  Academy,  Lisbon,  October  5,1871  (XIV.,  1 :  88. 
84,  85);  and  the  Smithsonian  Institution,  Washington,  Ma v 
4, 1872  (XIV.,  3). 

Letters  of  envoy  were  received  from  the  R.  Society,  Got- 
tingen, January  10,  1872;  the  Centml  Statistical  Bureau. 
Stockholm,  April  8,  1872;  Royal  Saxon  Society,  Leipsic. 
October  31,  1871;  Dr.  Edward  Jarv'is,  Dorchester,  Mass., 
June  12,  1872;  and  the  U.  S.  War  Department,  Signal  Ser- 
vice Officer  Albert  J.  Meyer,  May  31, 1872. 

Donations   for  the  Librarv  were  received  from  Dr.  Ed. 
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Jarvis;  also,  from  the  Swedish  Central  Statistical  Bureau, 
Russian  Academy,  Dorpat  Observatory,  Moscow  Society  of 
Naturalists,  Austrian  Geological  Institute,  Prussian  Acad- 
emy, Saxon  Society,  Lausitz  Magazine,  Gottingen  Society, 
Zoological  Garden  at  Frankfort,  Vaudoise  Society,  (Geo- 
logical Ccmimittee  of  Italy,  Montsouris  Observatory,  French 
Gteographical  Society,  M.  M.  Delesse  &  Laparent,  National 
Society  of  Antiquarians  (Paris),  Anthopological  Society,  So- 
ciety of  Acclimatation,  Bureau  des  Ponts,  &c..  Revue  Poli- 
tique, Bordeaux  Society  of  Sciences,  London  Royal  Society. 
Royal  Institution,  Astronomical  Society,  Meteorological  Com- 
mittee, Chemical  Society,  Entomological  Society,  Cobden  Clul >. 
Sir  Henry  Holland,  Nature,  Royal  Society  Dublin,  Rev.  L. 
Ilaughton,  Essex  Institute,  Massachusetts  State  Libniry, 
Boston  Public  Library,  Old  and  Xew,  Silliman's  Journal, 
Professor  O.  C.  Marsh,  American  Chemist,  Professor  B.  ( ■.  E. 
Anthon,  Professor  James  Hall,  Franklin  Institute,  Collogt* 
of  Pharmacy,  Medical  News,  Penn  Monthly,  Isaac  Lea,  .1. 
C.  Cresson,  Lorin  Blodget,  the  Secretary  of  the  Interior, 
Census  Bureau,  Signal  Service  Bureau,  and  the  California 
Academy  of  Sciences. 

Dr.  Emerson  desired  to  have  placed  on  record  the  destruc- 
tion of  Norway  Fir,  Arbor  Vitte,  and  Osage  Orange,  as  far 
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south  as  the  latitude  of  Philadelphia,  either  by  cold  or  long 
drought,  or  both. 

Professor  Trego  gave  an  account  of  the  destruction  in 
Germantown. 

Mr.  Blodgett  added  his  notes  of  the  Meteorology  of  March 
5th,  6th  and  7th,  during  which  a  cold,  dry  gale  prevailed,  to 
which  he  ascribed  the  loss  of  these  plants.  Fruit  trees, 
w-hen  their  time  for  flow^ering  arrived,  showed  an  inability 
to  blossom  for  seveial  weeks,  as  if  paralyzed;  the  dryness 
of  the  gale  of  March  seemed  to  have  exhausted  the  sap- 
Many  of  the  White  Pines  of  the  Alleghany  Mountains  were 
also  killed. 

Pending  nominations,  Nos.  698  to  696,  and  new  nomina- 
tion, 697,  ^vere  read. 

And  the  meeting  was  adjourned. 


Note  on  a  fink  Upthrow  Fault  at  Eitbreeville  Furnace  ih 

East  Tennessee. 

By    J.   P.    Leslet. 

(Bead  before  the  American  Philosophical  Society,  May  Sd,  1872. 

In  a  late  visit  to  the  works  at  EmbreeviUe,  on  the  Nolichuckee  River, 
in  Wasliington  County,  East  Tennessee,  I  made  a  compass  and  barometer 
survey  of  the  river  vaUey  and  Bompas  Cove,  connecting  the  Furnace  with 
its  tiux  quarry  and  ore  banks,  tram  road,  washing  ground,  slack-water 
channel,  etc.,  which  will  be  found  delineated  on  the  accompanying  map, 
drawn  on  a  scale  of  4,000  feet  to  the  inch,  witli  contour  lines  of  20  feet 
elevation  to  express  the  tojwgraphy.* 

'Theacrompauyin?  map  washaxtily  skotched  for  roproUuction  by  Mr.  BIcq'm  photo-lltho- 
Rrat>hir  proc<M!*.  It  morely  whows  the  characU>r  of  the  topography  of  a  portion  of  Iho  property. 
But  it  Ih  accurate  mo  far  a8  rcifardK  the  course  of  the  river,  the  hilln  which  euclose  it,  the  sand- 
roclc  outcropH.  tlio  n«)rth  end  of  Bompan  Cove,  the  grade  coutonrH  of  the  railway  and  raTineii. 
the  elevation  of  the  mineH,  &c.  All  the  reiit,  including  the  heighto  and  contours  of  the  moon' 
taint*.  muHt  b**  considered  merely  approximatiouH  to  the  truth.  The  contour  lineji  represent 
elevations*  t»f  2i)  feoi  successively  above  tide-water,  commencing  at  about  2, (HW  feet.  The  nee. 
tlon  below  lh««  map  repn'sents  the  geology  along  the  river,  above  and  below  the  Furnace.  Th« 
ficale  wuH  originally  1.(^)0  U'ot  to  the  inch.  It  was  photographed  down  to  .3.000  to  make  a  plate. 
That  platf  wan  lost  in  the  fire  which  rendered  a  second  edition  of  thin  Numlwrof  the  Proceed- 
ings necessary.  An  original  copy  from  the  flrHt  plate  was  then  photographed  down  to  i,W)/ett 
to  the  inch,  to  make  the  prescut  plate. 
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The  Furnace  stands  in  the  gap  which  the  Nolichuckee  makes  through 
the  last  range  of  mountains  on  its  way  out  from  the  North  Carolina  High- 
lands to  the  Great  Limestone  Valley  of  East  Tennessee.  A  double  rib 
of  massive  sandrock  here  foi*ms  a  natural  dam  and  mill-race,  affording 
unlimited  water-power,  protected  by  projecting  fragment.s  of  the  sand- 
rock  outcrop  from  the  most  violent  freshets.  It  is  a  scene  of  i*are  beauty, 
and  a  remarkably  favorable  location  for  any  kind  of  industry  requiring 
power.  A  broad  terrace  affords  ample  room  for  several  furnaces  and  their 
dependent  outworks,  a  village,  mills  of  different  kinds,  and,  in  fact,  for  a 
Rolling  Mill  of  the  first  class. 

At  present  there  stands  here  one  Furaace,  of  small  size,  making  6|  (six 
and  a  quarter)  tons  of  metal  per  day  at  the  time  of  my  visit,  a  saw  milb 
an  ochre  mill,  a  village,  store,  church,  and  Superintendent's  mansion. 

A  rope-ferry  communicates  with  the  State  Road  on  the  opposite  shore. 
Jonesborough — the  capital  of  the  county,  and  oldest  settlement  in  the 
State,  on  the  East  Tennessee,  Virginia  and  Georgia  Railroad,  32  miles 
from  Bristol,  98  from  Knoxville,  210  from  Chattanooga,  236  from  L}Tieh- 
burg,  440  from  Norfolk,  and  391  from  Richmond — ^is  eight  (8)  miles 
distant  from  the  furnace  by  this  State  Road.  A  railway  could  be  made 
with<»ut  difficulty  over  these  eight  miles,  along  smooth  vales  of  limestone 
laud,  which  head  up  towards  Jonesborough.  My  barometer  along  the 
State  Road  gave  me  230,  300  and  340  feet  as  the  summit  elevations  above 
the  river  at  the  ferry.  The  intervals  were  from  50  to  100  feet  lower. 
Railroiul  grade  at  Jonesborough  was  something  under  200  feet  above  the 
terry.  A  line  might  be  located  with  maximum  gradients  of  50  feet  to 
the  mile,  and  with  little  or  no  cutting  and  filling,  except  for  the  first  half 
mile  below  the  furnace  in  the  gap.  Ten  or  twelve  thousand  dollars  a 
mile  ought  to  be  quite  sufficient  to  build  the  road.  The  bridge  at  the 
Furnace  would  be  200  feet  long,  but  would  need  no  piers,  nor  abutments: 
these  being  provided  by  nature  in  the  shape  of  colossal  sandrock  outcrops 
rising  fifty  feet  above  the  river  bed. 

The  metal  made  at  the  Furnace  goes  chiefly  to  the  Tredegar  Works  at 
Ridnnond,  400  miles  from  the  Furnace,  costing  $3.2o  a  ton  to  haul  to  Jones- 
borough, in  the  present  state  of  the  roads.  In  dry  seasons,  the  limestone 
roads  become  smooth  and  hard. 

Up  the  river  to  the  south  and  east,  locked  in  among  hills  of  irregular 
trend,  steep  sloi)es,  and  bluffs  of  crumbling  rock,  from  600  to  1,000  feet 
high,  lie  two  limestones  coves  :  Bom  pas  Cove,  drained  by  Bompas  Creek, 
flowing  north  into  the  river  at  the  Furnace  washing  ground,  tw«)  mile« 
from  the  works  ;  and  Greasy  Cove,  drained  by  streams  flowing  southwest- 
ward  to  the  river,  and  about  six  miles  from  the  works. 

Bompas  Cove  is  an  oval  valley  three  or  four  miles  long,  by  one  and  a- 
lialf  wide  at  its  widest  part,  surrounded  by  mountains  about  a  thousand 
IVet  high,  <»n  the  inner  slopes  of  which  i*est  terraces  or  hill-spui*s  of 
decomposed  limestone  (^I^ower  Silurian)  holding  masses  of  brown  hematite 
iron  ore  of  two  varieties ;  the  lower  series  (and  outer,  or  closer  up  to  the 
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mountain  wall)  l>eing  silicious  and  cold-short,  and  the  iipi)or  series  hein;; 
argillaceous  and  red-short.  The  cove  is  nearly  encircled  by  the  cold-short 
deposits,  which  have  been  opened  in  a  number  of  places,  and  a  ju^ood  defi\ 
mined,  towards  the  head  of  the  ci»ve,  for  an  old  furnace  further  south. 
The  red-short  hematites  are  extensively  spread  out  more  in  the  middle  of 
the  cove,  where  they  are  cai)i)ed  by  lead-bearing  members  of  the  Lime- 
stone formation. 

There  are  a  few  fertile  farms  in  the  cove  ;  but  an  uninternipted  forest 
covers  all  the  mountain  country  around  it,  most  of  which  is  inehidcM 
within  the  limits  of  the  estate. 

Greasy' Cove  is  a  large  and  nearly  level  limestone  plain,  moiv  than 
twenty  miles  h)ng  by  live  miles  wide,  similarly  surrounded  by  shale 
and  sandstone  hills  nearly  1,000  feet  high  and  backed  by  the  State  Line 
Range  of  the  Unaka  ( Sub  Silurian )  Mountains  more  than  twice  as  higli. 
The  Xolichuckee  enters  this  cove  from  the  mountain  country  to  the  south. 
and  leaves  it  by  a  gorge,  the  south  wall  of  which  is  a  towering  elitV  of 
sandstone  500  or  (MX)  feet  in  veilical  height,  called  the  Devil's  Looking 
Glass.  It  flows  thence  three  miles  straight  north-noilhwest  towards  the 
month  of  Bompas  Cove,  where  it  makes  an  ox-bow,  and  then  Hows  north 
to  the  Furnace,  as  shown  in  the  map. 

This  interval  of  three  miles  is  made  through  forest-covered  hills. 
Paddy's  Creek  and  Broad  Shoals  Creek  form  narrow  forest-covere<l  valleys, 
entering  the  river  valley  from  the  southwest.  Another  stream  of  equal 
size  fonns  a  similar  valley  im  the  northeast.  All  this  is  gooil  i:oaling 
ground  for  iron-works ;  and  depots  of  charcoal  can  he  established  at 
different  points  on  the  two  banks  of  the  river,  down  which  the  fuel  can 
be  safely  and  cheai)ly  boate<l.  Two  large  charcoal  furnaces  at  Embree- 
ville  could  l)e  erected  in  view  of  a  constant  supply  of  charcoal  by  the 
oiganizatioh  of  an  extensive  system  of  coaling  depots  up  the  river.  A 
forest  surrounds  the  head  of  Greasy  Cove  and  i>asses  in  an  unbR)keu  belt 
across  all  the  hill  country  back  of  the  river  lK»ttoms,  over  to  the  7>/// 
Creek  Volley y  and  Buffalo  or  Cherokee  Mountain,  north-northeast  an<l  ea>t 
of  the  Furnace.  This  is  on  the  east  side  of  the  river.  On  the  west  side, 
as  I  have  said,  many  S(|uarc  miles  of  forest-covered  hill  country  surrounds 
Bompas  Cove. 

This  forest  consists  of  white  oak,  spruce  pine,  poplar,  hickory,  etc., 
most  of  it  in  its  original  condition.  Some  tracts  have  been  coaled  oft' 
once,  others  twice.  After  fifteen  or  twenty  years  they  are'i-eady  for  coal- 
ing again.  I  saw  a  few  trees  two  feet  in  diameter  ;  but  the  forest  tives 
are  lighter  than  I  am  accustomed  to  see  in  Pennsylvania.  They  will 
probably  yield,  on  an  average,  40  or  50  conls  to  the  acre,  while  somr 
ravines  will  go  up  to  100. 

The  charcoal  use<l  at  the  Furnace  is  good  and  strong,  but  by  the  haul- 
ing over  steep  roads,  and  several  handlings,  the  waste  amounts  to  25  (»r 
80  per  cent.  Most  of  this  could  be  saved  under  a  more  extensive  and 
complete  organization  of  this  part  of  the  business,  and  by  the  use  of 
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large  baskets  on  trucks.  The  coal  floors  are  near  enongh  the  Fnmaoe  to 
allow  the  carts  to  go  to  it  twice  a  day  ;  some,  however,  ean  be  reached 
but  once  a  day^  The  dependence  of  extensive  works  must  be  on  a  river 
navigation  and  coaling  depots  above,  as  has  ali*eady  been  said. 

One  hundred  and  ten  bushels  of  charcoal  go  to  the  ton  of  iron  at  this 
furnace,  making,  say,  six  tons.  An  enlarged  stack  could  easily  make  ten 
or  twelve.  The  Shelby  Furnace  in  Alabama,  sixty  feet  high,  is  making 
at  the  present  moment,  with  charcoal,  sixteen  (16)  tons,  by  information  I 
fiave  indirectly  from  the  keeper,  although  it  is  reported  she  has  made 
twenty.  The  report  is  incoiTCct ;  she  has  never  exceeded  sixteen.  But 
this  shows  what  cayi.  be  done  with  charcoal  and  brown  hematite  ore.  In 
smelting  rich  fusible  lump  ore,  one  ton  of  metal  requires  from  one-third 
to  one  and  a-quarter  tons  of  hard  charcoal,  or  from  one  and  a-?ialf  to  three 
tons  of  soft  charcoal. 

Colrff  however,  is  the  future  dependence  of  Embreeville  Works  on  an 
extensive  scale.  The  Cumberland  Mountain,  west  of  Knoxville,  (Coal 
Creek,  Cove  Creek,  etc.,)  has  numerous  workable  beds  of  good  bitumin- 
ous coking  coals.  The  Knoxville  and  Kentucky  Railroad  is  already  car- 
rying these  coals  from  the  mines  to  the  factories  and  ironworks  of  Knox- 
ville and  other  towns  along  the  East  Tennessee  Railroad,  including 
Jonesborough.  Contracts  can  be  made  for  the  delivery  of  any  amount  of 
Cumberland  Mountain  (Waldron  Ridge)  coal  at  Jonesborough,  for  $3.35 
to  i^8.50  per  ton.  If  the  eight  mile  branch  to  Embreeville  were  built, 
costing  with  bridge  and  rolling  stock,  say  $150,000,  the  coal  could  be 
landed  at  the  Furnace  at  a  cost  of  something  under  $4,  and  there  coked ; 
or,  which  would  be  better,  coking  establishments  could  be  organized  in 
the  Cumberland  Mountains,  along  Cove  Creek,  and  the  coke  be  deposited 
at  Embreeville  for  about  $4.50,  owing  to  the  fact  that — 1.  One-half  the 
weight  of  the  car-load  would  be  saved  by  carrying  it  in  the  fonn  of  coke  ; 
2.  The  waste  in  dust  would  be  saved  ;  and,  8.  The  slake  waste  at  the 
mines  would  be  coked  with  the  lump. 

Now,  (Jj  cents  a  bushel  is  paid  at  the  Furnace  for  charcoal,  or,  6JXII0 
—  $6. 87 J,  to  make  a  ton  of  metal. 

Coke  furnaces  require  from  1.1  to  2.3  tons  of  coke  to  make  1  ton  of 
iron,  according  to  their  size,  shape,  and  especially  the  quality  of  ores  em- 
ployed. For  brown  hematites  it  would  not  be  safe  to  assume  less  than  IJ, 
and  it  might  go  up  to  1 J  tons  of  coke  to  one  of  metal.  If  coke  could  be 
got  at  Embreeville  for  $4.50,  the  coke  for  1  t<m  of  iron  would  still  cost 
$0.75,  as  against  $6.87J  for  charcoal. 

But  while  a  charcoal  furnace  is  producing  45  tons  of  metal  a  week,  a 
coke  furnace  with  liot  blast  is  producing  from  150  to  200  tons  a  week. 

It  would  ]»c  unwise  to  erect  more  than  two  first-i^lass  charci>al  furnacvs 
at  a  p(»int  like  Embreeville,  in  view  of  the  extensive  and  complicated  sys- 
tem of  coaling  and  boating  required.  These  would  make  10  tons  a  day 
each.  <»r  140  tons  of  metal  per  week.     Whereas  four  coke  furnaces  might 
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be  put  in  blast  safely,  making  together  (with  one  always  out  for  repair, 
etc),  say  3X150—450  tons  of  metal  per  week ;  or  even  600  or  more. 

On  the  other  hand,  no  profit  could  be  made  on  coke  bought  at  the 
mines ;  and  no  profit  on  coal,  but  only  on  the  coking  of  the  coal  at  the 
Furnace,  by  supplying  store  goods  for  wages  ;  whereas,  the  (^i  cents  per 
bushel  paid  for  the  charcoal  is  paid  in  stores,  and  a  large  saving  accom 
plished. 

The  same  is  true  of  other  labor,  at  the  Furnace  and  at  the  mines  ;  but 
this  would  not  be  changed  by  the  substitution  of  coke  for  charcoal. 

Another  consideration,  and  one  of  importance,  is  the  change  in  the 
quality  of  metal  produced.  So  long  as  the  lowest  beds  of  the  Cumber- 
land Mountain  system  are  mined,  the  coal  will  be  second  rate,  and  even 
if  the  best  precautions  are  taken,  the  coke  will  not  be  so  good  a  fuel  as 
charcoal.  Quality  of  metal  would  have  to  be  sacrificx?d  to  some  extent  for 
the  sake  of  quantity.  The  metal  made  at  Embreeville  couhl  hardly  be 
better  than  it  is  ;  exceedingly  strong  in  the  pig  and  much  est<?emod  for 
car-wheel  use.  The  price  of  such  iron  must  always  lie  high,  whatever  be 
the  state  of  the  seaboard  and  foreign  markets,  l)ecause  of  the  limited 
amount  of  it  made,  and  always  to  be  made.  Much,  if  not  most,  of  the 
Tennessee  iron  must  always  be  cold-short,  on  account  of  the  wide  dis- 
tribution of  cold-short  ores  through  the  country. 

The  Brown  Hematite,  or  limonite,  deposits  of  Bompas  Cove  exactly  re- 
semble those  of  IMorrison's  Cove,  Nittany  Valley,  Kishicoquilis,  and  other 
Lower  Silurian  limestone  valleys  of  Pennsylvania  and  Virginia ;  and 
those  of  the  long  line  of  the  north  flank  of  the  South  Mountain  (Blue 
Ridge,  Smoky  Mountain  range)  from  the  Hudson  Kivcr  to  Alabama.  They 
are  in  fact  situated  geologically  just  like  the  Allentown,  Carlisle,  and 
Chambersburg  deposits. 

These  ores  are  irregular  masses  of  ochreous  clays  and  loose  sands,  full 
of  shot  and  balls  and  pijies  of  the  hydra  ted  scsquioxide  of  iron  ;  with 
coatings  of  the  black  oxide  of  manganese,  and  traces  of  the  original  sul- 
phide of  iron,  sulphide  of  lead,  and  sulphide  of  zinc,  held  by  the  lime- 
stone strata  before  these  were  dissolved  and  made  cavernous  by  the  drain- 
age waters  which  have  packed  the  clay  sand  ore  into  all  the  holes  and 
crevices,  caves  and  water-courses  thus  made. 

The  general  dip  of  the  limestone  beds  in  Bompas  is  about  10^  north- 
nortJieast,  against  a  fault  which  crosses  the  mouth  of  the  cove  and 
seems  to  nm  in  a  line  about  N.  15'^  W.,  S.  15^  E.  All  the  rocks  to  the 
east  of  this  line — the  rocks  in  which  the  river  flows — are  of  an  older  age, 
and  dip  60"^  S.  40'^E.,  in  very  straight  bold  outcrops,  as  represented  on 
the  map  and  in  the  secti(m  accompanying  it. 

This  gentle  diy)  of  the  limestone  has  exposed  sevci-al  siiiiare  miles  of  the 
ferruginous  lower  limestone  to  decomposition  ;  and  the  quantity  of  ore  is 
correspondingly  great. 

The  limestone  has  been  cross-<'left ;  its  cleavage  planes  dipping  4.5"^', 
more  or  less.     The  dissolution  has  followed  these  cleavage  planes.     The 
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ore-clays  are  packed  in  desceudiiig  cavities  sloping  at  that  angle.  The 
massive  ore  seems  to  dip  45^  therefore,  instead  of  IQP,  But  as  several 
hundred  feet  of  the  nearly  horizontal  limestone  beds  has  converted  itself 
more  or  less  into  ore,  the  quantity  of  ore  is  immense. 

The  series  of  ore  pits  from  which  the  furnace  has  supplied  itself,  ranges 
up  the  side  of  a  steep  hill,  beginning  at  an  elevation  of  about  300  feet 
above  the  river  (one  mile  from  it),  and  ending  at  an  elevation  of  350  feet. 
But  the  ore  continues  up  the  hUl  a  hundred  feet  higher ;  and  descends 
also  below  the  lowest  pit.  No  system  has  been  observed  in  mining  the 
ore.  Everything  has  been  done  hap-hazard  and  in  the  most  expensive 
way. 

The  stripping  varies  from  a  foot  or  two  to  twenty  and  thirty  feet.  The 
solid  ore-ground,  consisting  of  from  one-half  to  four-fifths  fine  ore,  the 
rest  balls,  with  occasional  masses  of  clay,  and  occasional  masses  of  solid 
hard  limestone  rock  (left  in  its  original  condition,  but  with  all  the  edges 
dissolved  round),  has  been  dug  into  to  a  depth  of  ten,  fifteen,  twenty  feet, 
and  more  in  places,  without  reaching  bottom. 

I  judged  that  I  saw  along  the  line  of  pits  over  the  end  of  the  tramway, 
about  one  million  of  tons  of  ore. 

The  ore  can  be  followed  over  the  top  of  the  little  hill  and  down  its 
northern  side. 

Abundant  evidence  of  ore  covers  the  long  slope  of  the  hill  towards  the 
south  for  a  quarter  of  a  mile. 

The  same  limestone  beds  take  into  the  isolated  hill  to  the  west ;  and  on 
both  sides  of  this  hill  near  its  top  are  old  diggings  of  the  ore,  from  which 
the  original  furnace  was  supplied  for  a  good  many  years,  and  abandoned 
when  that  furnace  was  abandoned,  and  the  new  Furnace  was  erected  at 
Embreeville.  The  old  furnace  was  situated  on  Bompas  Creek,  about  half 
a  mile  southwest  of  the  present  ore  mines,  and  just  opposite  the  lead 
mine  shown  upon  tlie  map,  but  inconveniently  far  from  the  river. 

There  must  be  millions  of  tons  of  iron  ore  in  the  more  central  part  of 
the  cove,  in  the  low  hills  composed  of  the  almost  horizont^il  ore-bearing 
limestone  strata,  which  everywhere  show  the  dissolving  action  of  the  ore- 
collecting  waters,  and  are  covered  in  many  places  with  ore-ground. 

The  books  of  the  Furnace  show  that  after  the  ore  has  been  washed  and 
the  large  lumps  roasted  to  make  them  more  easily  broken  to  pieces,  the 
lowest  percentage  of  ore  to  pig  metal  is  49,  and  the  highest  59.  The 
prartical  arerage  of  pig  iron  obtained  from  the  thus  prepared  ore  is  fifty- 
five  per  cent.* 

•  AnHly!*!!*  of  Brrt\ra  Homatite  ore  from  Bompas  Cove,  B.  T. ,  made  bjr  Prof.  Flshor,  of  U.  8. 
Ifaval  Academy.  Auuupolis,  Md.  : 

WaltT  and  orRanic  matter,  -  -  -  -  -  -  W.15 

Phosphoric  acid,         -.....--  .(jj) 

Silica,  ........  3.05 

Alumiua,       -  -  -  -  -  •  -  -  -1.'28 

Sesunioxidoof  manKaneso.  ......  .'27 

Sulphur.        .........  .2(W 

Peroxidi?  of  iron,  -  -  -  -  -  -  -  82.27 


SI  27  peroxide  of  iron  equals  57.6  per  eent.  pure  iron. 


100,313 


M72.]  ^^^  [Lesley. 

The  weight  of  the  washed  ore  when  dry  i8  one  and  a  half  (1  J)  tons  to 
the  cubic  yard.  The  weight  of  the  lump  ore  is  about  1^  tons  to  tlie  cubic 
yard.  One  car-load  of  44,919  cubic  inches  measurenient,  thoroughly  dried 
toash  ore,  weighed  3,042  lbs.  One  cubic  yard  — 4(J, 656  inches.  The  lump 
ore  of  one  car  weighed  2,570  lbs. 

Very  little  flux  is  required  by  the  Furnace,  and  this  is  obtained  from 
bold  outcrops  of  blue  limestone  on  the  State  Road  two-thinls  of  a  mile 
north  of  the  ferry.  There  is  so  much  lime  in  the  wash  ore  and  in  the  clay 
of  tlie  ball  ore,  and  so  heavy  a  charge  of  manganese  in  the  ore  deposit 
that  the  fluxing  of  the  stock  scarcely  adds  to  the  expense  of  its  smelting. 
The  cinder  is  excellent  and  the  waste  of  iron  is  evidently  small. 

Around  the  inside  lining  of  the  tunnel  head  for  about  four  feet  down 
from  the  lip  of  the  filling-hole,  there  forms  a  coating  of  concentric  layers 
of  a  very  solid  and  heavy  substance,  consisting  chiefly  of  metallic  zinc,  in 
alloy  with  metallic  lea<l  and  a  small  quantity  of  metallic  iron.* 

The  upjMjr  and  more  solid  blue  and  white  limestones  of  Bompas  Cove, 
exposed  along  the  banks  of  the  creek,  opposite  the  old  furnace  site,  con- 
tain a  good  deal  of  disseminated  galena.  This  is  decomposed  into  car- 
bonate of  lead,  filling  crevices  which  have  been  followed  down  by  shafting 
operations  during  the  late  war.  The  two  ores  of  lead  were  taken  in  cars, 
on  a  tram  road  a  few  hundred  yards  long,  down  the  creek  to  a  lead  mill 
erected  by  General  Jackson,  and  there  smelted  for  the  use  of  the  Confed- 
erate army.  The  works  are  now  abandoned,  and  the  shafts  filled  with 
trash  or  water. 

Brown  hematite  iron  ore  deposits  have  also  resulted  from  the  decompo- 
sition of  the  limestone  beds  over  the  lea<l-bearing  strata. 

Greasy  C-ove  is  a  district  of  limestone  similar  to,  but  much  more  exten- 
sive than  Bompas  C-ove,  and  carries  the  same  brown  hematite  iron  ore  de- 
posits of  probably  equal  size.  The  hills  overlooking  the  flat  land  of  this 
cove  on  the  northwest  and  within  half  a  mile  of  the  river,  are  i*ed  with  ore. 

•  Analyiteci.  bjr  Persifor  Frazor,  Jr. ,  Assistaut  Profcsnor  of  Chcmintry  in  the  Uulverslty  of 
Pennsylvania,  of— 

I.  Furnace  product  from  £mbreerille  Works.  N.  C. .  taken  from  within  four  foot  of  the  tnn- 
nel  head:  A  hard,  brittle,  ^ray  Holld,  with  occasional  streaks  of  green,  bat  in  powder  is  grass- 
ffreen.    Sped ftc  gravity.  5.6. 

Under  the  magnifying  glass  it  shows  minntc  metallic  scales  which  impart  a  metallic  luntre  to 
the  streak  when  the  product  is  scratched,  and  yet  bear  such  a  small  proportion  to  the  whole 
mass  that  they  are  almost  indistinguishable  with  the  naked  eye. 

Silica.  ........  0.28 

Iron  (calculated  as  sesqnioxide),  -  -  -  •  -  -4.12 

Zinc  foxido).         .  .  -  .  -  .  -  -  84.26 

Lead  (metallic).  -  -  -  -  -  -  .  -0.18 

Carbon  (as  finely  divided  coal  dust  determined  by  loss),      -  -  .  5.16 

II.  /«£ninflr /»/rin<!  of  Embn»evllle  Furnace,  N.  C.  A  yellow  sandrock  used  for  the  lining  of 
the  Embreeville  Furnace,  and  n?markably  lasting,  was  proved  to  contain: 

Silica.  ...-..-..       7(?.99 

Alumina  and  Iron  (latter  nnder  2  p.  c.  FesOs),  -  -  -  .  Vt.VI 

Magnesia,      -  -  -  -  -  •  -  .  -2.<ti 

Lime.         -  -  -  -  .  .  .  .  .  1.44 

Undermined,    -  -  -  -.  .  .  .  -2.83 

Considerably  more  than  50  per  eent.  of  the  Silica  given  above  seems  to  exist  as  free  Silica,  or 
■and. 
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These  details  are  not  only  interesting  in  theraselves,  but  necessary  for 
familiarizing  the  observer  with  the  scene  of  a  geological  action,  common 
enough  in  our  Appalachian  region,  but  rarely  exhibiting  itself  in  so  bold 
and  telling  a  way  as  at  Embreeville. 

A  fault — an  upth » ow  and  overshove — a  collapsed  synclinal  at  the  edge 
of  the  thrown-down  mass — all  this  is  presented  to  the  eye  of  the  struc- 
tural geologist,  as  he  stands  on  the  steps  of  the  little  Church  of  Embree- 
ville and  looks  across  the  river  eastward.  Hundreds  of  feet  of  limestone 
outcrop,  in  part  natural  cliffs,  in  part  quarry  work,  demonstrate  the 
problem  of  Cambrian  overlying  Silurian — ^the  Quebec  Group  overriding 
Trenton  IJmestone — by  drawing  it  in  a  grandly  visible  diagram,  a  mile 
long,  by  800  feet  high. 

The  solid  i)late8  of  limestone  are  bent  round  in  the  synclinal  without 
fracture  (other  than  at  the  great  cleavage  planes)  as  though  they  had 
been  as  plastic  as  wax.  A  slight  anticlinal  roll  immediately  precedes  the 
sudden  upturn  to  a  vertical  followed  by  a  declining  angle  in  the  reversed 
sense.  The  exact  place  of  the  fault  is  obscured  by  a  general  crush  and 
shedt-covering  of  the  finely  liroken  shale  and  very  thin  bedded  shaly 
sandstone  layers  which  make  the  rest  of  the  mountain  mass. 

Up  through  these  sandy  shales,  dividing  them  into  an  upper  and  lower 
system,  rise  the  bold  outcrops  of  two  conglomerate  beds,  each  about  20 
feet  thick.  One  of  them,  forming  the  crest  of  the  mountain  east  of  the 
river,  descends  in  a  dyke  to  the  water,  sinks  under  the  valley,  and  reap- 
l)ear8  to  fiice  the  slopes  at  the  bend  at  the  mouth  of  Bompas  Creek.  The 
other  forms  a  dyke  along  the  foot  of  the  mountain  from  the  Furnace 
southwest  to  Bom  pass  Cove.  These  two  coarse  samlrocks  or  finely  brec- 
ciated  conglomerates  are  shown  in  the  diagram  at  the  foot  of  the  map  on 
page  445,  above. 

It  will  be  noticed  that  another  set  of  sandrocks,  not  at  all  conglome- 
rate, but  semi-crystalline  in  texture,  and  (with  alternations  of  softer 
kinds,  and  shale  bands)  at  least  100  feet  thick,  come  in  above  and  (being 
nearly  horizontal)  cause  that  hog-back  topography  seen  in  the  horseshoe 
l)end  of  the  river.  It  will  be  noticed  also  that  above  these  last  sandrocks, 
lies  a  third  or  upi)emiost  system  of  sandy  shales.  Tliese  constitute  (with 
some  still  higher  intercalated  massive  sandrocks)  the  bulk  of  the  inwall- 
ing  river  hills  (600-SOO  feet  high)  all  the  way  up  (about  3  miles)  to  the  en- 
trance into  Grassy  Cove ;  that  is,  to  the  next  parallel  fault  throwing 
down  the  Silurians. 

It  will  l)e  evident  to  those  familiar  with  this  characteristic  structure  of 
East  Tennessee  and  Southwest  Virginia,  that  the  Nolichuckee  River  ex- 
poses a  nearly  transverse  cross-section  of  a  long  prism  of  earth-crust  com- 
posed of  sandy  shales,  sandrocks  and  conjjlonierates,  at  least  000  feet 
thick,  flerdttd  between  enclosing  sunken  eountries  of  T.ower  Silurian 
Limestone. 

There  is  no  sign  of  squeeze  and  distorticm  along  the  southern  (Greasy 
Cove;  fissure,  for  the  ui)lifted  upper  shales  abut  there  horizontally  against 
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the  down-thrown  limestone  prism  to  the  south  of  it.  Whereas  in  the 
Embreeville  (or  northern)  fault,  the  lower  part  of  the  shale  prism  has 
been  lifted  and  thrust  violently  against  the  limestone  prism  to  the  north, 
so  as  not  only  to  override  it,  but  to  curl  up  the  ends  of  its  beds  into  a  col- 
lapsed synclinal.  The  force  has  therefore  come  from  the  south,  and  acts 
northward,  or  noi-th-noiiihwestward.  This  is  not  only  in  ac<;ordance  with 
the  law  of  anticlinal  structure,  made  out  in  Pennsylvania  by  the  survey 
under  Prof.  II.  D.  Rogers,  35  years  ago,  but  with  nine-tenths  ol  the  fault 
exhibitions  in  Virginia  and  Tennessee.* 

What  the  rock  system  is,  a  prism  of  which  has  thus  been  upheaved  be- 
tween the  two  Lower  Silurian  distiicts  of  Jouesborough  to  the  North, 
and  Greasy  Cove  to  the  South,  is  still  a  subject  for  discussion.  Mr.  Saf- 
ford.  State  Geologist  of  Tennessee,  gives  it  the  name  of  Chilhowcjc,  with- 
out identifying  it  closely  with  any  of  the  great  Foi-mations  of  the 
Northern  States.  It  probably  underlies  immediately  the  Lower  Silurian 
Limestones. 

One  thing  is  remarkable  :  its  apparent  total  lack  of  iron  ore  and 
limestone.  There  is  no  appearance  of  metamorphism  throughout  the 
8,000  feet  of  rock  trenched  by  the  Nolichuckee. 

The  cross-fault  of  Bompas  Cove,  on  the  west  side  of  which  the  L.  Silu- 
rian Limestones  are  dropped  to  water  level  in  an  almost  undisturbed 
(horizontal)  condition,  is,  perhaps,  the  most  interesting  feature  of  the  dy- 
namic scene  I  am  trying  to  portray;  but  it  must  remain  for  some  geologist 
to  study  who  has  more  time  at  his  command  than  I  had,  in  my  hurried 
visit  to  Embreeville. 

These  cross-faults  are  incidentally  mentioned  by  Mr.  SaiTord,  on  page 
200  of  his  Report  of  the  Geology  of  Tennessee  for  1809,  when  he  says  : 

*'484.  At  the  ends  of  these  mountains,  the  sandstones  wluch  form  them 
are  suddenly  and  curiously  cut  off,  and  wholly  disappear.  The  moun- 
tains and  their  rocks,  of  course,  lie  generally  immediately  on  the  south- 
east side  of  a  fault.  The  sandstones,  broken  in  wide  blades,  appear  to 
have  been  thrust  up  endwise  to  the  northwest,  through  the  overlying 
formations.  The  displacement  is,  in  some  cases,  very  great.  In  the  case 
of  Chilhowee  Mountain  (see  section  page  11)0),  the  sandstones,  or,  rather, 
Ocoee  conglomerates,  have  been  brought  up  and  abutted  against  Carbon- 
iferous  L  imento  ne. ' ' 

The  expressions  used  in  the  above  description  are  calculated  to  obscure 
the  picture  to  the  eye  of  the  reader.  The  sandstones  are  prominent 
objects  in  the  landscape  ;  but  they  are  integral  and  very  subordinate 
items  in  the  mass  of  the  upthrown  (and  often  but  slightly  tilled)  prism  of 
earth-crust.  To  a  depth  unknown  to  the  observer,  the  earth-crust  in  all 
this  region  of  Virginia  and  Tennessee  has  been  cracked  along  straight, 
parallel  lines  of  great  length  (some  of  them  a  hundred  miles),  but  of  no 

*  I  hare  recently  exhibited  to  the  Society  croMs-sectious  of  thlH  diructure,  lu  Tai^owell.  Wine. 
and  Scott  Counties,  Virginia,  which,  when  published  In  the  next  Number  of  these  i'ruceedlutfH. 
will  make  thiit  law  sufficiently  comprehensible. 
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great  width,  seldom  over  five  miles.  In  Mr.  Safford*s  Section  (page  190), 
across  Eastern  Tennessee,  from  the  carboniferous  table-land,  southeast- 
ward to  the  Metamorphic  Azoic  Mountains  of  the  North  Carolina  line, 
52  miles,  there  are  eight  of  these  faults  noted,  making  the  average  width 
of  each  prism  (supposing  no  fault  has  been  omitted)  6^  miles. 

The  upthrow  or  override  of  the  side  face  of  each  prism  against  the 
prism  to  the  northwest  of  it,  varies  from  fifteen  thousand  (15,000)  feet  (as 
in  the  Cliilhowce  Mountain  Fault  above  cited,  and  in  the  Montgomery 
and  Wythe  County  Faults  of  Virginia)  down  to  five  thousand,  as  in  the 
case  of  the  Embreeville  Fault,  and  others  of  a  like  kind,  in  the  same 
range,  where  the  bottom  measures  of  the  Chilhowee,  or  top  measures  of 
the  Ocoee,  Formations  abut  against  the  Trenton  Limestones. 

Tlie  tilt  of  a  prism,  five  miles  wide  to  an  elevation  of  only  one  mile  on 
its  northwest  border,  gives  an  average  dip  of  1  in  5,  or  10^.  But  the  tilt 
has  been  produced  by  a  thrust  from  the  southeast,  violent  enough  not 
only  to  produce  the  tilt,  and  thrust  the  prism  forward  and  upward,  but  to 
rub  up  the  broken  edges  of  the  layers  of  the  down-tilted  next  prism,  and 
to  rub  down  the  broken  edges  of  its  own  layers  ;  and,  moreover,  to  bend 
the  whole  body  of  the  prism  along  its  northwestern  limit.  Consequently 
we  have  there  dips  of  45^,  whereas  the  dips  every  where  else  (with  trifling 
exceptions)  are  scarcely  more  than  5^. 

It  may  be  said,  therefore,  if  astonishment  be  expressed  at  the  vastness 
of  these  upthrows,  considering  the  weight  of  the  prism,  that,  in  fact, 
there  has  not  been  so  much  upward  movement  after  all. 

On  the  otlier  hand,  in  the  sections  I  have  lUcvde  across  sets  of  these 
faults,  in  other  parts  of  the  region,  and  where  the  uptilt  is  of  lower  Si- 
lurian Limestone  against  Coal  Measures,  repeated  again  and  again,  the 
proportion  of  horizontal  to  vertical  is  as  5  miles  to  3  miles,  and  a  dip  of 
30^  l)ervades  the  entire  body  of  tlio  prism,  and  of  each  prism,  from  side 
to  side. 

This  is  a  very  astonishing  state  of  things.  And  it  characterizes  a  re- 
gion of  country  fifty  miles  wide  by  five  liuudred  miles  long,  roughly 
stated. 

What  supports  these  long  untilted  prisms  of  earth-crust  ? 

We  ciiiiiiot  imagine  an  underground  Pi*e-8ilurian  topograpliy  arranged 
with  such  regularity,  as  to  allow  the  settlement  of  the  sections  of  Pale- 
ozoic series,  in  straight  lines,  hundreds  of  miles  long,  an<l  always  on  one 
si<le,  the  southeastern. 

It  seems  to  me  evidently  necessary  to  assume  a  (in  some  sense)  plastic 
underground,  on  which  these  wonderfully  regular  prismatic  rods  of  Pale- 
ozoic rock  have  been  able  to  roll  one-third  over  and  adjust  themselves. 

The  alternative  must  be,  that  the  vacancies  (of  triangular  section  1 
liave  ])een  filled  with  the  debris  of  the  h)wer  crushed  edges  and  bottoms 
of  the  prisms, — a  most  unsatisfactory  suggestion — especially  unsatisfac- 
tory,  because  the  regular  over-roll  of  all  the   prisms  in  one  direction 
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proves  that  the  laterally  acting  energy  (whatever  may  have  been  its  origin) 
was  acting  on  a  great  plate  of  Paleozoic  rockniass,  at  least  (counting  in 
the  coal  measxiTQR)  four  miles  thick;  solid,  although  flexible,  itself;  but 
free,  when  broken,  to  slide  on  its  foundations,  as  the  broken  up  flakes  of 
ice  slides  over  the  water  which  supports  them. 

That  there  was  no  absolutely  fluid  (lava?)  underground  beneath  them 
is  evident  from  the  total  absence  of  volcanic  rocks  at  the  ]>resent  eroded 
surface,  along  these  faults,  even  "when  the  uppeimost  *Swi/«/7w/2</7*  locks 
appear  in  one  wall.  (The  numerous  warm  springs  connected  with  the 
Virginia  faults  are  explicable  on  chemical  principles,  no  doubt.)  But  be- 
neath the  uppermost  Subsilurians  are  vast  formations,  all  more  or  less 
metamorphosed,  and  many  converted  into  granites  and  other  crystalline 
forms.  Here  we  have  the  plastic  mass  we  need,  over  the  surface  of  which 
(of  course,  an  eroded  surface,  but,  probably,  eroded  to  a  plane  containing 
no  Alpine  or  even  Bubalpine  inequalities)  the  Paleozoic  deposits,  consoli- 
dated by  time  into  a  consistent,  but  never  yet  dried,  sheet,  seven  miles 
thick  in  Pennsylvania,  five  miles  thick  in  Virginia,  three  miles  thick  in 
Tennessee,  moved  with  a  certain  freedom,  under  a  lateral  pressure,  from 
the  southeast,  at  the  close  of  the  Coal  Era. 

I  have  formerly  taken  occasion  to  apcribe  the  difference  of  effect  ex- 
hibited by  this  pressure  in  Pennsylvania  and  in  Tennessee  to  the  differ- 
ence in  the  thickness  of  the  Paleozoic  mass.  In  Pennsylvania  it  wa^ 
folded  ;  in  Tennessee  dislocated.  But  the  difiiculty  which  i)rcsscd  on 
3Ir.  Rogers  to  explain  the  sustentation  of  the  vaults  of  our  Northern  an- 
ticliuals,  is  encountered  equally  by  the  Southern  geologist  who  will  explain 
the  stable  equilibrium  of  his  tilted  prisms. 

To  return  from  this  digression  to  the  cross  fissures,  which  cut  off  the  ends 
of  the  Chilhowee  and  other  mountains  (and  an  example  of  them  is  given 
in  my  map  of  Bompas  Cove),  it  must  be  understood  that  tliey  do  not  oljcy 
one  law,  as  do  the  principal  and  parallel  dislocations  of  the  country. 
They  sometimes  run  square  across  from  one  of  tliese  to  or  towards 
another  ;  seldom  cutting  a  pri^m  entirely  off;  usually  cracking  its  north 
western  edge  for  a  certain  distance  into  its  body.  It  is  a  subordinate  and 
secondary  system  of  faults.  But  by  means  of  it  most  of  the  Ap]>alachian 
ridges  or  mountains,  of  Middle  Silurian  and  Upper  Divonian  age,  are 
swallowed  up  and  ended  at  the  surface  ;  just  as  are  the  mountains  of 
Chilhowee  sandstones,  in  such  cases  as  that  described  by  Mr.  Safl'ord  above. 

The  section  accompanying  my  map  will,  perhaps,  be  compared  by  some 
reader  of  this  paper  with  Mr.  Saftbrd's  section  on  page  202,  and  they  will 
be  seen  to  be  very  different.  It  is  only  needful  to  explain  that  my  section 
was  made  with  instruments  on  the  ground  under  favorable  circumstances, 
and  carefully  drawn  to  the  same  horizontal  and  vertical  scale  ;  whereas 
the  section  on  page  202  is  like  Mr.  Safford's  other  sections,  drawn  to  a  ver- 
tical scale  at  least  twenty  times  greater  than  the  horizontal,  and,  as  he 
says,  'Mt  is  not  intended  to  be  accurate  in  detail.'' 

In  fact  nothing  can  be  more  erroneous  than  the  imx)resslon  on  the  mind 
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of  a  young  geologist  produced  by  the  section.  It  not  only  distorts  the 
facts,  but  bars  the  way  to  a  right  understanding  of  the  structure  not 
only  of  this  locality  at  Embreeville  Gap,  but  of  similar  localities  along 
the  Unaka  3Iountain  range.*  There  are  no  such  synclinals  as  are  there 
represented.  There  is  nothing  which  in  the  remotest  sense  resembles  the 
anticlinal  there  drawn  under  the  letter  D.  That  interval  is  essentially 
and  wholly  mouoclinal. 

Every  student  of  American  geology  must  acknowledge  his  greBi  in- 
debtedness to  the  assiduous  and  judicious  State  Geologist  of  Tennessee, 
who  has  done  so  much  to  elucidate  one  of  the  most  interesting  regions 
of  the  United  States.  Among  the  many  valuable  columns  of  thicknesses 
which  he  has  published,  the  following  (in  g  489)  justifies  the  statement  I 
have  made  relative  to  the  amount  of  rock  visible  along  the  river  above 
Embreeville.  It  represents  the  Chilhowee  Group,  in  Doe  River  Gap, 
Carter  County. 

Top  of  Section : — Quartzose  sandstone. 55  feet. 

Sandstones  and  Shales 70 

Quartzose  Sandstone 10 

Sandstone  and  Sandy  Shales 250 

Quartzose  Sandstones 85 

Sandstones  and  Sandy  Shales 870 

Quartzose  Sandstone 40 

Thick  and  thin  bedded  Sandstone,  generally  dark  col- 
ored, occasionally  Sandy  Shales,  and  but  little  fine 

conglomerate 1,720 

Quartzose  Sandstone 40 

Thin  Sandstones  and  Sandy  Shales 320 

Sandstones  and  fine  conglomerate  with  two  Quartzose 

bands 276 

Heavy  bedded  Quartzose  Sandstone 38 

Sandstone  not  well  seen 180 

Heavy  Gray  Quartzose  Sandstone,  with  unimportant 

layers  of  fine  conglomerate 00 

Sandstones  with  conglomerate,  dark  and  even  bedded. .  .44 
Heavy  Gray  Quartzose  rock,  mostly  sandstones  with 

tine  conglomerate 60 

Some  of  the  Sandstone  hard  and  Quartzose 472 

The  lower  part  of  my  Embreeville  Section  consists  of  between  one  and 
two  thousand  feet  of  sandy  shales,  with  two  very  massive  plates  of  con- 
glomeratic sandstone,  about  twenty  feet  thick.     Two  or  three  thousand 

•  With  tho  hitfhost  r<*.'«p«?ct  for  tho  diiitlatriiithod  j«orvic«»iJ  rendered  our  scieneo  by  the  Stat« 
GeoloKiMt  of  T»Mmc;«.-«oo.  I  cannot  refrain  from  <;xpreHMing  regret  that  the  weight  of  hiH  stand- 
ing in  the  srieuee  Hhoiild  bo  thruwn  into  the  scaloii  un  the  (tide  of  the  slovenly  and  luitichievoaM 
fashit^n  of  di>t(>rted  drawing  in  vogue  among  x«)ologii(tM  until  recent  years.  A  section  in  worm> 
than  wi>rthleM;<  which  is  not  well  and  truly  drawn.  It  id  !»ure  to  manufacture  and  perp«tnatc 
false  views. 
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feet  more,  bigher  up,  consist  of  maaslre  sandtitonce  and  h^avy  VwiIr  of 
i>hKli<  altumiitini;.  Just  oviirlying  the  upper  congloinenitic  saadstuiM' 
plate  are  varif  gat«<I  ciLky  Hlat«H. 

It  ia  impoaoible  not  to  Bve  the  signiflconce  of  the  immense  develop- 
munt  uf  s.-iniIrockfi  mid  pebble  rooks,  in  tho  Ocoee  aitd  CkJlhowee  nyslems, 
Uiulerlying  th«  Luwer  Silurian  Dolomites,  and  hugging  the  flunk  ot  tb« 
bttokbone  of  thu  Cuntincnt,  fcira  thousand  milefi  through  Virginin,  North 
Carolina,  Tcniiossoe  and  Georgia,  a*  in  New  Jersey  and  New  York.  It 
is  H  slinre  deposit  on  an  immense  scale,  in  a  shallow  sea,  with  a  steeply 
Inclined  Titargin,  and  an  Alpine  range  inland.  No  glaciers  ;  for  the  eon- 
giomuratcs  cansiHt  of  rolled  shingle  stones ;  but  torrents,  innumerable 
and  vvIicinii.'nL  No  largo  rivfrx  ;  for  no  delta  deposits  uf  any  sice  are 
njiparniii.  A  rapid  degradation  of  tho  mountnins  was  followed  or  stopped 
by  »  partial  siihmergencv,  which  deepened  the  sen,  made  the  sand  depoaits 
finer,  and  (lennittcd  the  deposit  of  the  Lower  Silurian  UmestonoN. 

The  reason  therefore  why  the  massive  Quebec  (ii'oup  (Potsdam,  Chil- 
boyree  and  Ocoee)  formation  does  not  come  up  to  daylight  in  the  faults 
whleh  break  the  middle  and  northweiit«i-n  parts  of  the  floor  of  the  region 
under  dist-uxsiou,  is  be»ioSL'  it  tliixis  away  rapidly  seaward,  that  is,  west' 
wftrd,  towards  the  C'oal  Area.  And  in  this  it  only  setx  an  example  aftct^ 
mrds  fiilloweKl  by  thu  sandstone  and  eonglonieratc  members  of  the  great 
P»liBOioi(i  systum  :  No*.  IV,  IX.  X,  and  XII  the  Millstone  Grit. 

I  A  photograph  for  tlie  Album  was  received  from  Prof, 
tomas  Chase,  of  HaverfonI,  Pa. 
Letters  acknowledging  receipt  of  jmblicationB  were  re- 
ceived ftftm  the  Royal  Society,  London  (8fi,  87).  The  Royal 
Saxnn  Society  (86);  the  Zoologico-Botaiiical  Society,  Vietiua 
(Vols.  8  to  11  Proc.,and  Trans.  Vols.  XU,  XIII,  XIV,  i,  ii. 
with  a  request  to  have  the  set  completed.  On  motion,  re- 
ferred to  the  Librarian);  and  from  l>r.  llornstcin,  Prag.  (86). 
Letters  of  envoy  were  received  from  the  Observatorio  de 
Marinu  de  S.  Fernando,  and  the  Physico-Medical  Society  in 
Eriaugeii. 


Stated  Meeting,  July  19, 1872. 

Present,  five  members. 

Mr.  Eli  K.  Price,  in  the  Chair. 
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Donations  for  the  Library  were  received  from  the  Belgian 
Academy,  French  Geographical  Society,  Italian  Geological 
Commission,  London  Chemical,  Geological,  Asiatic  and  An- 
tiquarian Societies,  Meteorological  Office,  Nature,  Old  and 
New,  Dr.  Samuel  Green,  Silliraati's  Journal,  American 
Chemist,  Philadelphia  Academy  of  Natural  Sciences,  Frank- 
lin Institute,  Penu  Monthly,  American  Journal  of  the 
Medical  Sciences,  Medical  News,  Baltimoi'e  Peabody  Insti- 
tute, Washington  Philosophical  Society,  and  Petroleum 
Monthly. 

A  paper  entitled  "On  the  Tertiary  Coal  and  Fossils  of 
Osino,  Nevada,"  by  Prof.  Cope,  was  referred  to  the  Secreta- 
ries. 

Prof.  Chase  read  a  paper  on  "  ^therial  Oscillation,  the 
Primordial  Force,"  and  stated  that  certain  of  his  predictions 
had  been  verified,  which  were  based  on  his  observations  of 
the  rainfall  at  San  Francisco. 

Pending  nominations,  Nos.  693  to  697,  and  new  nomina- 
tion, No.  698,  were  read. 

Nominations,  693  to  696,  were  balloted  for,  and  the  follow- 
ing persons  declared  duly  elected  members  of  the  Society: 

Rev.  Starr  lloyt  Nichols,  of  Philadelphia. 

Mr.  Coleman  Sellers,  of  Philadelphia. 

Dr.  Robert  Peter,  of  Lexington,  Kentucky. 

Dr.  Richard  J.  Lewis,  of  Philadelphia. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  August  15, 1872. 

Letters  of  acceptance  was  received  from  Dr.  Robert  Peter, 
dated  Lexington,  Ky.,  August  8th,  and  Mr.  F.  B.  Miller, 
dated  Royal  Mint,  Melbourne,  May  6th,  1872. 

Letters  acknowledging  receipt  of  jmblications  were  re- 
ceived from  Mr.  Peter  Turner,  dated  Leoben,  Oct.  12,  1871 


459 

(83,  84,  85);  the  Observatory  at  Prague,  June  12,  1872 
(86);  the  Royal  Society,  Rotterrlam,  Aug.  1, 1872  (86);  the 
Royal  Society,  Stockholm,  May  8, 1872  (XIII,  i,  ii,  iii,  XIV, 
i,  ii,  71  to  77,  and  80  to  85),  and  the  Royal  Society  at  Ui> 
sal,  April  15, 1872  (XIV,  i,  ii,  83  to  85.) 

Letters  of  envoy  were  received  from  the  Royal  Societies 
at  U f>sal  and  Stockholm,  April,  1872 ;  the  Observatory  at 
Turin,  May  12, 1872,  and  the  Hungarian  Academy  at  Perth, 
Sept.  16,  1871. 

Donations  for  the  Libmry  were  received  from  the  Hunga- 
rian, Prussian,  Swedish,  Belgian,  and  American  Academies  of 
Science;  the  Societies  at  Moscow,  Upsal,  Copenhagen,  Bre- 
men, Frankfort,  Offenbach,  Lausanne,  Liverpool,  and  Salem, 
Mass.;  the  Bureau  des  Ponts,  Montsouris  Observatory  and 
Revue  Politique  at  Paris;  the  Royal  Astronomical,  Geo- 
graphical and  Asiatic  Societies  at  London ;  Nature,  the  Pub- 
lic Library  and  Old  and  New  at  Boston ;  the  American  Joul- 
nal  of  Science,  Prof.  Dana  and  Prof.  Marsh,  at  New  Haven  ; 
the  New  York  Lyceum,  Prof.  James  Hall  and  R.  P.  Whit- 
field, at  Albany,  the  Franklin  Institute,  Journal  of  Phar- 
macy, Medical  News  and  Penn  Monthly,  at  Philadelphia  ; 
and  the  U.  S.  Bureau  of  the  Interior. 

The  Librarian  announced  the  reported  death  of  Mirza 
Alexander  Kasem  Beg,  Dr.  Bujalsky  (1866),  and  D.  C.  Dwor- 
jak,  of  St.  Petersburg,  members  of  this  Society. 

The  following  communications  were  received  from  Prof. 
K  D.  Cope : 

On  a  New  Genus  of  Pleurodira,  from  the  Eocene  of  Wyo- 
ming. 

Descriptions  of  New  Vertebrata,  from  the  Bridger  Group 
of  the  Eocene. 

Second  Account  of  New  Vertebrata,  from  the  Bridger 
Eocene. 

And  the  meeting  was  adjourned. 
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DESCRIPTIONS  OP  SOME  NEW  VERTEBRATA  FROM  THE 
BRIDGER  GROUP  OF  THE  EOCENE. 

By  E.  D.  Cope. 

(Read  before  the  American  Philosophical  Society^  August  15,  1872.) 

Mebonyx  obtusidens.    Cope. 

Represented  by  a  large  part  of  the  skeleton  of  an  individual  of  about 
the  size  of  the  wolf  {Canis  lupus).  The  lunibar  vertebrae  display  the 
short  acuminate,  and  anteriorly  directed  diapophyses,  cliaracteristic  of 
carmvora>  while  the  astragalus  resembles  that  of  the  same  group.  The 
claws  are  flat  and  not  curved.  The  molar  teeth  exhibit  two  principal 
lobes  and  a  thin  rudimental  at  one  extremity.  The  middle  lobe  is  a  com- 
pressed cone,  tlie  posterior,  a  cutting  edge,  but  medially  placed,  and  less 
acute  than  in  Ilyanodor^  and  the  sectorial  teeth  of  other  camivora,  form- 
ing a  less  specialized  cutting  apparatus.  The  canines  are  well  developed. 
A  premolar  is  stout  conic,  with  rudimental  tubercle  at  base. 

M. 

Length  of  a  sectorial  (crown) 0.018 

Greatest  width 008 

Elevation  of  crest 006 

Length  of  crown  of  a  second 015 

AVidth 0065 

Elevation  of  middle  lobe 014 

Length  of  crown  of  canine 026 

Diameter  near  base 014 

The  number  of  the  teeth  cannot  be  determined,  owing  to  the  injure<l 
condition  of  the  jaw  bones.     The  enamel  is  entirely  smooth. 
Found  on  the  bluffs  of  Cottonwood  Creek,  Wyoming. 

TniACODON   ACULEATC8.      CopC. 

Established  on  two  teeth  of  the  molar  and  premolar  series.  The  molar 
is  subtriangular  at  the  base  of  the  crown,  one  side  being  convex  ;  the  op- 
posite angle  nearly  right,  and  the  two  remaining  sides  flat.  The  crown 
is  divided  into  three  elevated  trihedral  cones,  one  at  each  angle.  Their 
adjacent  angles  are  acute,  and  the  angle  of  union  is  fissured,  like  the  same 
point  in  the  sectorial  tooth  of  a  carnivora.  The  smaller  lobes  are  of  equal 
elevation,  but  the  crown  of  one  is  expanded  so  as  to  be  slightly  spade- 
shaped.     The  enamel  is  smooth. 

M. 

Elevation  of  highest  cusp 0.009 

**         **    shorter    **      007 

Long  diameter  base  of  crown 006 

**  ♦*  **        flat  side 005 

The  pi-emolar  is  smaller,  with  shorter  cusps,  and  one  of  the  laterals  re- 
duced to  a  ru<Hment. 

This  species  is  near  tho  T.  fallax  of  Marsh,  but  the  tooth  he  describes 
is  narrower  in  proportion  to  its  length,  and  has  the  anterior  lobe  little 
over  half  as  high. 
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Htopboditb  ftom-eits.  Cope. 
'  He  presented  by  a  portion  of  tlio  right  mandibular  rnmiia  witb  the 
jtetmllimate  and  aiite.penultimate  molare  in  perfect  prenervntinn.  These 
iMtb  present  four  cusps,  of  which  the  inner  are  cresecntoid  in  section, 
the  outer  conic.  Thef  are  all  elevated,  aud  the  outer  anterior  is  in  both 
teeth  compresMul  and  bifid  ;  it  receives  an  oblique  ridge  from  the  iuutir 
Enamel  smooth. 

Length  penultimate  molar. S 

Width 1.5 

Dejith  of  rainns  at  do 8 

I^Thia  is  a  Bmall  species  of  the  genu^  being  about  equal  to  the  Byopurh- 
t  paalan   L.     The   penultimate   molar  in  the  allied  spucies,    Lephia- 
n  hallardil,  Marsli,  measures  3.3  lines  in  length. 
AkosTIRA  TRIONVCIIOIDEB.      Cope. 
P^hia  species  is  about  the  size  of  our  existing  Ghrytemyn  pieta.     It  dif- 
■■  from  tlie  ^1.  oraata,  Leidf,  in  various  respects.     Thus  the  sculpture 
Of  the  costal  bones  is  pit-lllie,  as  In  some  species  of  Trionyi,  instca>l  of 
striate-ridgod.    There  is  no  keel  od  tLie  pygal  bone  bebiud.     Tlie  first 
marginal  bune  is  longer,'  and  does  not  exhibit  tlie  prominent  shoulder 
seen  in  A.  ornata.     Hie  marginal  bones  are   not  uulilce   those   of  tlukt 
specieH,  having  central  amall  tubercles,  and  radiatiug  ridges.     Thesiiecies 
n  the  Bridger  beds  on  Cottunwood  Creek,  Wyoming. 
AkosTIRA  iBDKMIA.     Cope. 
P'This  species  is  nearly  twice  the  size  of  the  last.     It  is  distinguished  by 
■  peculiar  ornamentation.     This  consists  of  bosses  or  swollou  portions 
oval  shape,  which  stand  transversely  to  tlie  long  axis  of  the  body, 
«  quarter  to  a  half  an  incli   apart.     Tliey  sometimes  form  short 
I,  surface  otherwise  smooth.     Locality  same  as  the  livst  species, 

Akostira  molopina.  Cope. 
e  species  is  intermediate  in  size  between  tlie  two  Inst  deseiibed. 
Sir  distinguished  from  both  by  it«  or-naraeutatioii.  This  consists  of  u 
«  and  rather  scattered  impressed  puuctatiou,  on  the  costal  Ixtnea. 
la  this  extend  obliqae  ribs  extending  in  a  diagonal  direction  out- 
noar  the  extremities  of  the  costals.  The  width  of  one  of  tbe  cos- 
I  n.  .0S3.  The  costals  in  this  species  display  no  suture  for  the  mar- 
•Is,  and  the  eitremity  of  the  rib  project*  a  very  little. 

TUIONVX  coNcEKTRlclla.     Cope. 

la  apecitts  is  not  uncommon  iu  the  Bridger  sandstone,     It  is  well 
icterieed  by  its  sciilpture.  which   is  coarsely  and   distinctly  pitted. 
S  the  costal  bones  run  parallel   ribs,  which  euetose  between  them 
S  three  to  one  row  of  pits. 

M. 

Width  of  n  costal  bone  near  tbe  middle (12 

Thickneas  "  "  "  01)3 
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The  carapace  is  thin.  Besides  being  smaller  than  the  T,  guttatus, 
Leidy,  this  species  differs  in  its  longitudinal  ribs. 

Trionyx  tuomasii.    Cope. 

This  tortoise  is  again  distinguished  from  all  those  known  by  its  sculp- 
ture, this  being  very  delicate  and  obscure  when  compared  with  the  thick- 
ness of  the  carapace.  It  consists  of  small  tubercles  of  more  or  less  elon- 
gate form,  which  may  or  may  not  inosculate ;  eight  may  be  counted  in 
M.  .01.  Width  of  a  marginal  costal,  .02  ;  thickness  on  suture,  .0055.  So 
in  T.  concentrica.  The  costals  have  very  little  curvature.  The  faintness 
of  the  ornamentation  is  a  marked  character. 

Dedicated  to  my  former  teacher,  Joseph  Thomas,  M.  D. ,  author  of  Lip- 
l)incott's  Biographical  Gazetteer,  the  Pronouncmg  Gazetteer  of  the 
World,  Baldwin's  Gazetteer,  and  other  important  works. 

Found  with  the  T,  concentrica,  on  Cottonwood  Creek,  Wyoming. 

AXESTUS   BYBBINUS.    CopC 

Genus  et  species  novae  Trionychidarum. 

This  genus  is  represented  by  a  species  which  is  allied  to  Trionyx,  but 
which  differs  in  some  important  respects.  The  sternal  bones  are  pro- 
vided with  an  enamel  stratum  exterior  to  the  usual  dense  layer  of  the 
bone,  which  is  not  sculptured.  The  post-abdominal  bone  has  no  sutural 
connections,  but  sends  out  tooth-like  processes  at  its  angles.  The  caudal 
vertebrae  are  procoelian,  furnished  with  stout  diapophyses  and  not  very 
elongate  ;  ball  depressed,  undivided.  The  cervical  vertebrae  are  elongate 
and  relatively  very  large.  The  claws  are  very  large,  and  one  at  least  flat 
and  straight ;  the  phalanges  have  broad  trochlear  surfaces,  which  indi- 
cate a  moderate  amount  only  of  vertical  movement.  Both  humerus  and 
femur  are  curved  and  with  extensive  trochanters.  Tlie  procoracoid  and 
scapula  are  of  equal  lengths  and  the  coracoid  is  much  dilated  distally. 

Char,  specif.  The  portions  of  plastron  preserved  are  thin  for  the  size 
of  the  animal,  and  all  the  bones  are  especially  dense  and  smooth.  The 
(?)  post-abdominal  has  the  free  margins  acute  and  serruUite.  There  is  an 
(?)  external  gently  convex  edge  with  a  long  process  extending  backwards; 
and  one  long  narrow  one  inwards.  The  enamel  is  white  and  is  marked 
with  decussating  lines  of  osseous  deposit,  as  in  woven  linen.  This  is  not 
the  result  of  wearing.  The  cervical  vertebra  is  without  spine  ;  it  is  com- 
pressed in  the  middle  and  is  without  any  pneumatic  foramen. 

M. 

Length  cervical  vertebra 008 

Diameter  at  middle 020 

''         ''  end 035 

"        caudal  do.  at  ball 010 

length  ''        "■  023 

**        of  an  ungueal  phalange 043 

Proximal  depth  do.  013 

Length  post-abdominal  (broken) 180 

Width  do.  120 

liOcality  of  the  last. 
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Baena  hebraica.    Cope. 

Established  on  a  large  and  nearly  complete  fossilized  tortoise,  which 
lacks  the  posterior  lobe  of  the  plastron,  and  a  corresponding  part  of  the 
carapace.    The  component  elements  are  coossified. 

The  costal  scuta  are  very  wide,  excepting  the  first  pair,  whose  posterior 
margin  is  sigmoidally  flexed.  The  anterior  vertebral  is  concave  behind, 
and  has  convex  lateral  margins.  The  marginal  scuta  in  front  are  very 
narrow,  but  the  fourth  on  each  side  is  suddenly  widened  in  front  to  meet 
the  suture  between  the  first  and  second  costal  scuta.  The  sutures  are  all 
perfectly  regular.  There  are  only  four  inframarginal  scuta,  of  which  the 
second  from  front  is  the  largest,  forming,  with  the  third,  an  angle  project- 
ing inwards. 

The  carapace  and  plastron  are  smooth,  excepting  in  the  lines  of  the 
sutures  of  the  costal  bones.  In  this  position  there  is,  in  each  case,  a  series 
of  short  pit-like  grooves  parallel  to  each  other,  and  transverse  to  the  axis 
of  the  bone,  forming  figures  like  some  Hebrew  letters,  the  Greek  //,  etc. 

The  borders  of  the  carapace  are  obtuse,  and  the  general  form  is  almost 
round.     The  diameter  is  almost  eighteen  inches. 

This  species  may  only  be  compared  with  the  B.  undated,  Leidy,  with 
which  it  agrees  in  having  the  humeral  scuta  crowded  to  the  front  of  the 
plastron,  and  having  a  common  centre  with  the  gulars,  which  they  little 
exceed  in  size.  It  differs  in  having  four  instead  of  five  inframarginals, 
regular  sutures,  a  differently  formed  first  costal,  wider  lateral  marginals, 
and  in  the  smooth  carapace  with  the  peculiar  sculpture  mentioned. 

Testudo  hadbiana.  Cope.    Spec.  nov. 

Indicated  by  two  individuals,  one  nearly  perfect,  the  other  chiefiy  rep- 
resented by  a  complete  plastron. 

This  proves  the  existence  of  a  very  massive  species  of  the  terrestrial 
genus  Testudo.  Tlie  plastron  presents  a  short  wide  lip  in  front,  which  is 
turned  outwards,  forming  a  strong  angle  with  the  plane  of  the  upturned 
front  of  the  lobe..  This  lobe  is  bordered  by  a  thickening  of  the  upper 
surface,  which  cuts  off  the  basin  from  the  lip,  as  a  high  ridge.  The  pos- 
terior lobe  is  deeply  bifurcate,  each  post-abdominal  projecting  as  a  trian- 
gle. There  is  a  notch  at  the  outer  angle  of  the  femoral  scute.  The 
hypostemal  bone  is  greatly  thickened  within  the  margin  above,  and  an 
elevated  ridge  bounds  the  basin  of  the  plastron  behind,  as  before.  The 
middle  of  the  plastron  is  thin. 

The  carapace  is  without  marked  keel  or  serrations.  It  is  remarkable 
for  its  expanded  and  truncate  anterior  outline,  which  is  nearly  straight 
between  two  lateral  obtuse  angles. 

Length  carapace,  M.  .750  —  29  inches ;  width,  .630. 

The  marginal  scuta  are  narrow,  and  there  is  a  large  nuchal  plate. 

Same  locality  as  the  last. 

PaL^OTHECA    POLYCYPIIA.      CopC. 

This  genus  and  species  of  tortoises  are  indicated  by  vertebral,  costal 
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and  marginal  bones  of  very  small  individuals.  These  bones  are,  how- 
ever, not  only  thoroughly  ossified,  but  are  very  stout,  indicating  the  adult 
age  of  the  animal.  The  deeply  impressed  scutal  sutures  and  heavy  pro- 
portions, as  well  as  the  elevated  carina  of  the  carapace,  indicate  affinity 
with  Cistudo,  or  perhaps,  Testudo,  As  another  generic  character,  it  may  be 
noted  that  the  vertebral  bones  are  subquadrate,  and  support  the  neural 
canal  without  intervening  lamina. 

The  carina  of  the  carapace  is  abruptly  interrupted  occasionally  ;  some- 
times with,  sometimes  without,  a  pair  of  pits,  one  on  each  side.  The 
marginal  bones  are  well  recurved,  and  the  scutal  sutures  are  deeply  im- 
pressed on  them. 

M. 

Length  of  vertebral  bone 009 

Width       "  "         0085 

Jjength  marginal      "         01 

This  is  the  least  of  the  tortoises  of  the  Bridger  Formation. 

PALiEOTHECA   TERKE8TRIS.      CopC. 

Represented  by  three  individuals,  one  of  which  may  be  regarded  as  the 
type.  They  are  all  thinner  than  the  P,  pol^c^fpha,  and  larger,  bein^ 
about  equal  to  the  Aromochelys  odoratus  of  our  ponds. 

In  the  type  specimen  the  carina  of  the  vertebral  bones  is  interrupted 
by  a  deep  sutural  groove,  which  is  less  pit-like  than  in  P.  polyeypha. 
The  bone  itself  is  broader  than  long,  being,  perhaps,  from  the  hinder 
part  of  the  carapace.  The  clavicular  (epistemal)  bone  is  preserved.  It 
is  characterized  by  the  considerable  and  abrupt  projection  of  that  part 
enclosed  by  the  gular  scutum,  which  resembles  what  is  sometimes  seen 
in  Testudo,  The  edge  of  this  part  is  entire  and  acute.  The  posterior 
part  of  the  projection  forms  a  step-like  prominence  behind,  on  the  supe- 
rior or  inner  face.  The  bone  is  almost  as  wide  as  long,  and  the  mesos- 
ternal  causes  a  very  slight  median  truncation,  but  overlapped  much  on 
the  inner  side.     The  gular  dermal  suture  does  not  reach  it. 

Length  vertebral  bone 009 

Width  "  **     018 

Length  epistemal 02 

Width  **      (transverse  to  axis  of  body) 017 

Width  of  a  costal Oil 

Thickness  proximally 003 

In  a  second  specimen,  a  strong  groove  is  seen  to  bound  the  lip  of  the 
front  lobe  of  the  plastron  as  in  the  species  of  Notomorpha,  In  it  the 
marginal  is  seen  to  be  stout,  a  little  recurved,  and  sharp-edged.  A  ver- 
tebral differs  from  those  described  in  being  longer  than  wide. 

In  a  third  individual  the  gular  lip  is  not  so  prominent  as  in  the  type, 
and  the  mesosternal  bone  truncates  the  clavicular  extensively  giving  it 
thus  a  more  elongate  form.  The  gular  scuta  expands  to  its  front  margin. 
The  marginal  bone  is  stout  and  sharp  edged,  and  is  not  so  deeply  im- 
pressed by  the  dermal  suture,  as  in  P,  polycypha. 
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Length  epistemttl 010 

Width         "  026 

Lcngtti  marginal Oil 

WidtU        "  Olfl 

The  three  specimens  are  from  the  bluffs  of  Cottonwood  Creek,  Wyoming. 

Naockphalcs  poBtiKiTTrs.    Cope. 

Gen.  et.  sp.  nov,  T.aocrtilianun. 

EBlBbliebed  on  an  incomplete  cranium,  with  Tcrtebnefoundnssociated. 
No  te«th  are  preserved,  nor  any  part  of  the  maitdible.  The  remaiuiiig 
portions  of  the  cranium  are,  however,  liiglily  churucU^ristic. 

The  occipital  descends  posteriorly,  and  bears  a  pair  of  lat«ml  ridgea, 
which  converge  rapidly  posteriorly.  ThiH  bone  ia  united  with  the  pari- 
etal by  suture,  which  is  transverse  ;  its  outliue  is  rectangular,  so  as 
almost  to  itiiich  the  frontaU,  which  are  prolonged  baokwnrds  on  WKsh 
■ido  the  parietal,  leaving  but  a  narrow  exposure  of  tlie  posterior  processeaA. 
the  parietaL  These  extend  backward,  and  are  broken  off  in  tbe  speCH 
men,  but  they  probably  formed  parts  o^'  arches.  The  parietal  is  single, 
and  tliere  is  no  parietal  fontanelle.  The  bone  is  triangular  in  outline 
with  the  aiiex  antei'ior,  dividing  the  frontals.  Thcw  are  contrncied  at 
the  orbits,  and  have  a  projecting  8ui>erciliary  head ;  anteriorly  they  are 
thickened.  The  postfrontnls  are  of  remarkable  fonn.  They  are  mas- 
sive, and  compressed  from  before  backwards  ;  they  rise  considerably 
ftbove  tlie  lovtl  of  the  front,  and  bear  on  their  summits  a  cotyloid  cavity. 
whicli  is  transverse  to  the  airis  of  the  cranium  ;  the  use  of  this  projection 
is  obscure.  There  isanexoccipital  fon^men,  and  a  large  one  in  the  poste- 
rior part  of  the  frontal  opposite  the  postfrontal  elevation. 

The  sphenoid  is  a  compressed  keel-»baped  bone,  rounded  below,  and 
with  broad  alie  along  muoh  of  its  length.  Tlie  occipital  condyle  ia  sub- 
cordate  depressed  in  outline,  with  a  vortical  obtuse  angle  in  the  middle 
and  the  sides  somewhat  plane. 

A  dorsal  vertebra  preserved  has  a  single  vertical  capitular  process,  and 
It  short  hypapophysis.  The  neural  canal  is  large,  and  the  neurapophyses 
are  attached  by  sutures.  The  cup  is  nearly  round,  very  slightly  trans- 
versa, and  in  vertical  plane. 

The  cranium  in  smooth  above,  except  the  anterior  part  of  the  froiitals, 
which  are  lliiely  rugose. 

Tills  genus  is  more  or  less  allied  to  the  T/ieeoglon"!,  but  better  material 
will  be  reijuisito  to  decide  the  question  of  affinities  fully. 

Found  with  the  preceding  specimens. 

Width  cranium  at  postfrontals 073 

"      parietal  behind 013 

Depth  postfrontal 018 

"      pre-sphenoid  anteriorly 014 

tliameter  dorsal  vertebra  (oup) 007 

This  genus  diflers  from  Olgptotaurua,  Harsh,  In  the  total  lack  of  cra- 
nial shields,  and  from  Snnha,  Leidy,  in  the  nearly  round  vertebral  centra. 
A.  P.  a.— VOL.  XII.— 3q 
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SECOND  ACCOUNT  OF  NEW  VERTEBRATA  FROM  THE 

BRIDQER  EOCENE. 

By  Edward  D.  Copb. 

(Bead  before  the  Ameriean  Philosophical  Society^  August  15,  1872.) 

Helotherium  procyoninum.    Cope.    Spec.  nov. 

This  species  is  distinguished  from  those  already  known  as  pertaining 
to  this  genus,  by  its  small  size,  as  it  did  not  much  exceed  the  raccoon  in 
dimensions.     The  size  of  a  right  superior  molar  is  as  follows : 

M. 

Length 0.007 

Width  posterior 0085 

"        anterior v 006 

The  crown  presents  four  tubercles,  of  which-  the  inner  are  flat  on  the 
posterior,  the  outer  flat  on  the  external  side.  The  posterior  external  has 
a  small  posterior  supplementary  lobe,  and  a  low  tubercle  intervenes  be- 
tween the  two  posterior.     An  anterior  and  a  posterior  cingulum.     Enamel 

smooth. 

Stypolophus  pungens.    Cope. 

Gen.  et  spec.  nov. 

This  genus  is  supposed  to  embi-ace  a  small  species  of  carnivorous  ani- 
mal found  by  the  writer  in  the  Eocene  formation  of  the  Bridger  Group. 
It  is  represented  by  the  posterior  portion  of  the  left  mandibular  ramus, 
which  contains  the  last  two  molars. 

The  generic  characters  are  seen  in  the  composition  of  these  molars, 
which  have  but  two  roots,  and  a  i)osterior  table,  as  is  seen  in  tubercular 
molars  of  some  muHtelidce.  The  anterior  two-thirds  of  the  crown  is  com- 
posed of  conic  cusps.  On  the  last  molars  these  are  in  two  series,  two 
^  \  lower,  of  the  inner,  and  one  more  elevated,  of  the  outer,  opposite  the  in- 
\,  \  terval  between  the  outer.  Its  outer  face  is  regularly  convex,  but  its 
posterior  forms,  with  that  of  the  outer  series,  a  single  flat  vertical  plane, 
which  forms  a  sharp  angle  with  the  inner  and  outer  faces  of  the  cusps. 

The  structure  is,  in  general,  somewhat  like  that  of  Mesonyx,  Cope,  but 
the  lack  of  cutting  edge  on  the  posterior  lobe,  and  the  two  rows  of  tuber- 
cles separates  it  at  once.  Dr.  Leidy  describes  Sinopa  as  having  a  sec- 
torial tooth,  as  in  ordinary  Carnirora,  with  an  interior  cusp,  hence  it  is 
not  probably  the  present  form,  although  this  species  was  about  the  size 
of  the  *S'.  rapax. 

The  enamel  is  smooth.     The  measurements  are  : 

M. 

Depth  ramus  at  last  molar 0.01 1 

Length  last  molar 0072 

Width  **     posteriorly 0040 

Ileiglit  inner  tubercle 0002 

**        external  **     (anterior) 0040 

This  species  was  about  the  sisse  of  the  gray  fox. 

From  the  blufls  of  Cottonwood  Creek,  Wyoming. 
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Pantolestes  lonoicaudub.    Cope. 

Gen.  et  sp.  nov. 
This  form  is  one  of  those  mixed  types  which  are  so  abundant  in  the 
Bridger  Group.  Its  dental  formula  is  M.  3,  P.  M.  3  ;  c.  1,  incisors  un- 
known. The  molars  in  the  only  specimen  known  are  so  worn  as  to  pre- 
clude exact  description.  They  evidently  possessed  anterior  and  posterior 
lobes,  separated  by  a  valley,  which  was  most  expanded  on  the  inner  side. 
The  last  molar  exhibits  a  projecting  keel  posteriorly,  which  probably 
supported  a  small  tubercle.  The  three  premolars  are  all  two-rooted  and 
compressed  in  form.  The  last  presents  a  crown  composed  of  one  large 
anteiior  compressed  cusp,  and  a  much  lower  posterior  one.  There  is  a 
slight  cingulum  in  front.  The  canine  is  lost,  but  its  alveolus  indicates 
that  it  was  a  stout  tooth. 

So  far  as  the  known  dental  structure  goes,  this  genus  resembles  nearly 
the  Notharctus  of  Leidy  {Limnotherium  of  Marsh),  but  possesses  one 
premolar  tooth  less. 

The  mandibular  ramus  is  quite  slender,  and  there  is  a  large  foramen 
below  the  first  tiTie  molar.     The  masseteric  fossa  is  pronounced. 

31. 

Length  of  dental  series  to  canine 0.0280 

*•         **    three  molars 0140 

»»        "    second     "     0041 

Width     "        **  "     0030 

There  were  found  associated  with  this  jaw  some  caudal  vertebne   of 

very  attenuated  form,  which  point  to  the  possession  of  a  long  t;iil  by  this 

animal.     One  of  these  displays  six  short  processes  arranged  round  the 

articular  extremity,  the  neural  arch  not  being  completed. 

M. 

Length O.OIO 

Proximal  diameter 003 

Median  "        0018 

PSEUDOTOMUS  HIANS.      CopC 

Gen.  et  sp.  nov. 
Tliis  form  is  interesting  as  the  only  member  of  the  Edentate  order  yet 
discovered  in  our  earlier  Tertiary  formations.  It  is  represented  by  a 
species  of  which  a  nearly  perfect  cranium  is  in  my  possession.  This  is 
about  the  size  of  an  agonti,  and  is  of  a  depressed  form.  It  has  a  thin 
molar  and  zygomatic  arch,  but  no  postorbital.  There  is  a  large  suborbital 
foramen.  The  dentition  consists  of  two  pairs  of  long  curved  teeth,  hav- 
ing much  the  form  and  position  of  the  cutting  teeth  of  Rodentia,  These 
are  placed  widely  apai-t  in  the  upper  jaw,  allowing  space  for  the  greater 
portion  of  the  premaxillary  between  them.  The  mandibular  cutters  are 
less  widely  separated  by  a  narrow  prolongation  of  the  symphysis.  The 
exposure  of  the  tooth  is  lateral,  its  direction  nearly  anterior.  It  projects 
anteriorly  very  little  beyond  the  symphysis,  and  has  a  horizontal  triturat- 
ing surface  below  the  level  of  the  latter.     Neither  pair  of  cutting  teeth 
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are  faced  with  enamel,  but  have  only  smooth  oementum  without  sculpture. 
There  are  no  molars,  but  the  inferior  face  of  the  maxillary  bone  is 
inigose  as  though  alveoli  had  been  absorbed.  There  are  traces  of  very 
shallow  alveoli. 

The  cast  of  the  brain  indicates  smooth  oval  hemispheres  which  leave 
the  cerebellum  and  olfactory  lobes  entirely  exposed.  The  latter  are  ovoid 
and  expanded  laterally. 

The  cranium  is  depressed,  and  has  a  trace  of  interparietal  crest.  The 
anterior  margin  of  the  temporal  fossa  is  marked  by  a  curved  angle  on 
each  side  of  the  frontal  bone.    The  supra-orbital  arch  is  very  short. 

This  curious  animal  reminds  me  of  a  small  Megalonyx  with  flattened 

cranium.     The  cutting  teeth  above  are,   however,  more  like  those  of 

rodents. 

M. 

Length  cranium  (3.5  in.) 0.090 

Width        **     (without  zygomas) 040 

"  **    near  end  of  nasals 027 

**    upper  cutting  tooth 007 

Depth        "        "        **     0085 

Length  exposed  part  lower  tooth 009 

Width        **  "        "        <*    006 

Hadrianus  octonaria.    Cope. 

Gen.  et  sp.  nov. 

This  is  a  genus  of  true  TestudinidcBy  designed  to  include  those  with 
double  anal  scuta,  and  posterior  lobe  of  the  plastron  bifurcate.  In  addi- 
tion to  the  species  above  named,  the  H.  quadratus  (TeHudo  hadrianay 
Cope),  and  probably  the  species  to  which  belongs  a  small  piece  named  by 
I^eidy,  T.  cornoni,  i)ertain  to  the  genua. 

The  //.  oct^tnarins  is  distinguished  from  its  congener  in  many  ways. 
It  is  of  elongate  form,  strongly  contracted  at  the  bridges,  but  expanded 
and  arclied  above  the  limbs.  The  carapace  in  quite  convex.  The  plas- 
tron has  the  posterior  lobe  emarginate  rather  than  bifurcate,  as  seen  in 
H.  quad  rat  un.  Each  projection  represents  a  right-angled  triangle  rather 
than  a  wedge.  The  anterior  lobe  presents  an  elongate  lip,  which  is  ex- 
panded, and  slightly  emarginate  at  the  end.  The  mesostemal  bone  is 
heart-shaped,  the  posterior  emargination  being  wide  and  deep. 

Tlie  anterior  margin  of  the  carapace  is  somewhat  flared  above  the 
limbs.  The  nuchal  scutum  is  very  narrow  transversely,  but  elongate. 
The  carapace  descends  and  is  incurved  in  the  middle  of  the  posterior 
margin. 

Length  (below) 730 

Width  at  middle 437 

**      at  hind  limbs 525 

This  species  difters  from  the  II,  guadratus  in  many  important  points. 
It  is  perhaps  the  largest  of  our  extinct  land  tortoises,  and  is  founded  on 
a  beautifully  perfect  specimen  from  the  bluffs  of  Cottonwood  Creek. 
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THIRD  ACCOUNT  OF  NEW  VERTEBRATA  FROM  THE  BRIDGER 

EOCENE  OF  WYOMING  TERRITORY. 

By  Edward  D.  Cope. 
{Bead  hefare  the  American  Philosophical  Society^  September  19,  1872.) 

Stypolophus  INBKCTIVORU8.     Cope.     8p.  nov. 

Represented  by  a  posterior  molar  and  a  premolar  of  the  right  side  of 
an  animal  less  than  half  the  size  of  the  8.  pungens,  Cope.  The  molar 
presents  three  anterior  trihedral  acute  tubercles,  of  which,  one  is  exterior 
and  more  elevated  than  the  others.  Its  posterior  plane  forms  one  trans- 
verse face  with  that  of  the  inner  posterior.  The  posterior  tubercular 
heel  is  low,  and  supports  an  oblique  ridge  which  bounds  a  deep  groove 
behind  the  outer  cusp,  no  doubt  to  receive  that  of  the  upper  jaw.  This 
arrangement  is  not  seen  in  8.  pungens.  The  premolar  is  a  flat  cone  with 
faint  traces  of  a  tubercle  behind  and  cingulum  on  inner  side. 

M. 

Length  crown  molar 0.0050 

Height  inner  cusp 0040 

Length  heel 0025 

Width  crown 0030 

Height  crown  premolar 0040 

Length        "        **        0040 

Found  in  the  Eocene  Bad  Lands  of  Black's  Fork,  by  the  writer. 

Stypolophus  brevicalcaratus.    Cope.    Sp.  nov. 

Established  on  a  portion  of  the  left  mandibular  ramus,  containing  th«» 
penultimate  and  ante-penultimate  molars,  of  an  animal  of  larger  size 
than  the  type  of  the  genus  8.  pungens.  The  molars  have  the  general 
characters  of  the  corresponding  ones  of  that  species,  but  differ  in  their 
greater  elevation  in  comparison  with  their  length,  and  the  greater  convexity 
of  the  outer  side.  The  shortness  is  occasioned  by  the  abbreviation  of  the 
heel,  which  in  the  last  molar  present,  is  very  small  and  flat,  without  keel 
or  tubercle  on  its  surface.  That  of  the  molar  preceding  it  is  larger. 
and  presents  in  its  elevated  outer  margin,  a  trace  of  the  keel  seen  in  the 
smallest  species.     Enamel  smooth. 

M. 

Length  of  two  molars 6.016 

**        **   penultimate  crown 008 

Width    **  "  **        0047 

Length  "  **  heel 002 

There  is  some  relation  between  Stypolophus  and  Triacodon,  Marsh.  If 
the  heel  of  the  molars  of  the  former  were  wanting,  they  would  be  those 
of  the  latter.  The  premolars  might  be  supposed  to  have  this  structure, 
but  the  form  seen  in  S.  insecticorus  disproves  this  view.  In  fact,  I  have 
seen  both  molars  and  premolars  of  Tri/icodon  aculeatus,  Cope,  and  the 
former  lack  the  heel  of  the  Stypolophi  entirely. 
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M1ACI8  PARVIVORU8.    Cope.    Gen.  et  sp.  nov. 

Established  on  a  portion  of  the  right  ramus  mandibuli,  containing  por> 
tions  of  three  molars,  the  penultimate  being  perfect.  As  in  Canida,  the 
molars  diminish  in  size  posteriorly,  the  last  being  single-rooted,  the 
penultimate  being  two-rooted.  The  structure  of  that  tooth  is  approx- 
imately that  of  Stypolophusj  i,  e,,  with  three  trihedral  cusps  in  front  and 
a  heel  behind,  but  the  cusps  are  of  equal  height,  and  their  point  of  union 
not  raised  above  the  surface  of  the  heel.  This  is  a  valley  bounded  by  a 
sharp  margin  which  is  incurved  to  the  outer  cusp,  leaving  a  vertical 
groove  on  the  outer  side,  as  in  Stypolopkus  sp.  This  genus  further 
differs  from  that  one  in  the  single-rooted  small  tubeix;ular  posterior  molar, 
which  is  wanting  in  that  one.  The  ante-penultimate  molar  is  much 
larger  than  the  penultimate.  The  crown  of  the  latter  is  laterally  ex- 
panded, and  bears  a  cingulum  at  the  base  antero-extemally.  Enamel 
smooth. 

M. 
Depth  ramus  at  penultimate  molar 0.0080 

Length  crown  of  **  "     0040 

Elevation        **  **  "     0025 

Width  "  "  "     0083 

Found  on  Black's  Fork  of  Green  River.  An  ally  of  Stypolophus  and 
Triacodon. 

TOMITHERIUM   R08TRATUM.     CopC.    Gcn.  et  Sp.  UOV. 

Allied  to  Notharctuff,  Leidy.  Dental  formula  2  t  I  ^s»  ^^  *^  uninter- 
rupted series.  Last  molars  with  five  tubercles,  others  with  four ;  all 
low  and  slightly  alternating,  the  outer  wearing  into  crescents.  Canines 
quite  small.  Incisors  very  prominent,  the  median  pair  with  transverse 
cutting  edges.     Symphysis  coossified,  projecting  in  front. 

I  base  the  distinction  between  this  genus  and  Notharctus  on  the  small 
canine,  and  the  sub-horizontal  position  of  the  incisors ;  believing  that 
when  other  portions  of  the  skeleton  are  studied,  other  differences  will 
appear.  This,  1  have  the  opportunity  of  doing  with  material  now  in  my 
hands. 

The  adjacent  horns  of  the  two  outer  crescents  unite  with  the  anterior 
outer  tubercle  ;  the  posterior  outer  is  insignificant.  There  is  a  pi-ojection 
but  no  tubercle  in  front  of  the  out^r  anterior  tubercle.  The  first  and 
second  premolars  have  but  one  root,  the  base  of  the  second  being  about 
the  size  of  the  base  of  the  canine.  The  latter  are  cylindric  at  base.  The 
incisors  form  a  parabolic  outline,  and  have  entire  edges,  the  middle  pair 
transverse  ones.  Enamel  generally  smooth,  premolars  somewhat  striate  ; 
an  indistinct  inner  cingulum. 

M. 

Length  of  entire  dental  series  (straight) 0.044 

**        symphysis  mandibuli 030 

Depth  ramus  at  second  molar 010 

Length  crown  of      **  **     006 
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M. 

Width  crown  of  second  molar 0045 

"    between  two  **  "     014 

**  "        "    canines 005 

From  near  Black's  Fork  of  Green  River. 

I  would  refer  to  Notharctus,  my  Lophiotherium  vasachiensey  adding  the 
fifth  species  to  the  genus.  These  are  N,  gracilUy  Marsh,  N.  tyrannus, 
Marsh,  iV.  tenebrosus,  Leidy,  N,  robustwr,  Leidy.  and  N,  vasachiensis, 
Cope. 

HaDRIANUS  ALLABIATU8.      CopC. 

This  large  land  tortoise  is  nearer  in  general  form  to  the  II,  quadratus 
than  to  the  //.  octonariusy  but  differs  from  both  in  the  absence  of  the  pro- 
jecting lip  of  the  anterior  lobe  of  the  plastron,  which  is  thus  simply 
truncate.  The  mesostemum  is  not  cordate,  but  has  much  the  shape  of 
that  of  H.  quadratuB,  that  is,  rhombic.  The  scutal  sutures  are  deeply  im- 
pressed. The  plastron  is  strongly  concave.  Carapace  without  irregu- 
larities of  the  surface.     Length  eighteen  inches. 

From  the  Bad  Lands  of  Cottonwood  Creek,  Wyoming.   . 

Emts  latilabiatus.     Cope. 

Represented  by  a  perfect  specimen  of  a  tortoise  of  a  broadly  oval  form, 
and  somewhat  terrestrial  habit.  Its  i)rominent  characters  are  to  be  seen 
in  the  plastron,  of  which  the  posterior  lobe  is  deeply  bifurcate.  The  an- 
terior lobe  is  peculiar  in  the  unusual  width  of  the  lip-like  projection  of 
the  clavicular  ("epistemal '')  bone,  which  is  twice  as  wide  as  in  E.  Wyo- 
mingermiSy  and  not  prominent.  Bones  all  smooth ;  margins  of  lobes  of 
plastron  thickened.     Length  of  shell,  one  foot. 

M. 

Width  of  lip  of  plastron 06 

Depth  of  posterior  notch 03 

From  near  Black's  Fork  of  Green  River. 

Pbotagras  lacustris.    Cope. 
Gen.  et  sp.  nov. 

A  serpent  of  about  the  size  of  the  existing  '^Pine  Snake"  (Pityophis 
jnelanoleucus),  and  allied  to  the  water-snakes  of  Tropidonotus  and  allied 
genera. 

A  vertebra  before  me  has  the  longitudinal  hypapophysial  groove  of  that 
group,  which  terminates  in  a  very  obtuse  point.  The  ball  looks  exten- 
sively upwards.  The  upper  articular  extremity  of  the  parapopliysis  is 
short  and  obtuse,  and  the  inferior  equally  so,  and  directed  shortly  do¥m- 
wards.  The  articular  face  being  continuous  with  each  other.  It  sends 
an  obtuse  keel  backwards,  which  terminates  in  front  of  the  ball.  The 
angle  connecting  the  diapophysis  and  zygapophyses  is  strong,  while 
the  former  was  narrow  ;  in  the  specimens  it  is  broken. 


M. 

LengtJi  of  centram  below O.WtO 

Depth  tubase  neiiral  spine,  in  front Oil 

Width  oup OOH 

Depth    " WMo 

Expanse  paropophysea  above 012 

"  "  below 008 

Frum  tlie  Bad  Lands  of  Cottonwood  Creek,  Wyoming. 


By  EuwjkUD  n.  Coi'K. 
{Head  brfore  Iht  Atneriean  PMlBiophieal  Sofirtj/,  Aug.  15,   1873.) 

The  following  obBeiratioiiB  are.  made  with  a  view  of  establishing  tile 
stratigraphic  position  of  the  genus  of  tortoises  described  bolow.  They 
were  inadi!  b;  the  writer  while  prosecuting  a  palacontologiciLl  investlga- 
tion  of  the  Tcrtiaries  of  Wyoming  for  Dr.  P.  V.  Uuyden's  Geological 
Survey  of  the  Territories. 

The  strjt4L  exposed  along  the  noiHiem  and  eattem  shores  of  Beat  Kiver, 
consist  of  alternate  sandstone,  nrgillaceous,  and  congluinerate  rocks  of 
the  Wiihsatch  Group  of  llayden.  They  dip  to  the  nortlienstward.  M 
the  coal  mines  below  (■'.  «,,  N.  W.  of)  Kvaustown,  tlie  series  is  capped  by 
a  heavy  bed  of  conglomerate.  At  a  point  seven  mOes  nliovc  |i'.  «.,  8.  S. 
of)  Evunstvwn,  the  strata  appear  in  the  foUon'ing  order :  (1. )  an  argillft* 
ceousriickjustappeariug  above  the  river  level  at  higti  wat«r;  iS.)  S^S  feet 
of  sandstone ;  (3,)  a  nodular  argillaceous  rock  of  a  red  Mid  ochKOUM 
color.  If)  feet ;  (4.)  10  feet  of  ConrBB  conglomerate ;  (G.)  SO  fpct  of  snnd- 
stones  and  clays. 

At  n  puint  eleven  miles  above  Evanstown,  the  conEloniurate  has 
desovnded  fivm  view,  and  the  bliilTs  of  ItOO  feet  in  height,  consist  of  the 
upper  nieniberg  of  the  gi'ou]),  \it. :  red  and  while  argillacBons  beds: 
sandstone  four  to  six  feet  in  thickness;  a  red  and  white  nrgiUaceoufi 
stratum,  at  least  forty  feet ;  sandstone  VA  feet,  and  a  L'nppiug  of  a  hard, 
brittle,  ash-colored  clay  rock  on  the  highest  points.  Ascending  live  inUcB 
further  to  the  N.  G.,  the  strata  am  observed  to  dip  in  a  direction  opposed 
t^i  those  nt  Evanstowii,  rising  gently  U>  the  N.  E.  One  of  the  heavi«r 
sandstontt  strata  is  exposed  about  half  way  up  the  blnfts,  nnd  is  visible 
in  the  fiide  ravines.  Crowing  one  of  these,  osd  eltrobiug  tlie  uppositn 
spur,  a  sandstone  Identical  litbologicnlly  with  those  just  described,  ia  seen 
standing  vertically ;  and  succeeding  spurs  are  crowned  with  the  edge*  nf 
the  8u<M.«eiling  sandstone  bods  ctanding  higli  in  the  air.  N'enrly  opposite 
Beartown,  a  mile  eastward  on  the  Cnion  Pacific  Railroad,  these  vertical 
sandstones  pass  into  a  conglomei-ate,  ono  of  the  stratn  being  compoaod 
ei|uaUy  of  both,  a  gradual  litfaological  transition  being  exliEbiUd. 
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Tlie  nature  or  tlie  flexure  of  tkeiie  stratn  is  Miinewhat  dlisciire. 
succeesion  of  vertical  strata  is  ijuite  similar  to  tlint  alruaily  Doted  as  seen 
in  tlie  bluRs  of  EvHnstown,  and  tlie  eonglomemte  would  thus  be  regarded 
as  tbc  superior  member.  Dr.  Hayden,  however,  deocriWs  them  as  tou- 
tigiiiius  to  tretaoeoua  stratii  furtlier  east, 

We.are  aaeigted  in  concluding  as  to  whether  these  beds  which  descend 
abrupt)}' belon{(  to  thoWuhsHtcli  Group,  bf  a  voiisidenitiou  of  the  curious 
Btratu  exhibited  in  the  two  railroiul  cuts  jn»t  N.  W.  of  Beartown,  already 
described  and  figured  by  Dr.  Haydeu,  in  his  report  on  the  Oeology  of 
Wyoming,  18T0,  p.  150-1,13.  lu  these,  uumeroiis  thin  Btrata,  horizontal 
on  the  western  end  of  the  eiposores,  are  suddenly  decurved  and  bftnome 
Tertical  to  the  eastward,  both  directions  coiucidiug  with  those  of  the 
heavier  and  higher  beds  which  compose  the  bluHs  and  ridges  just 
duBuril>ed.  That  the  whole  ia  on  uuticlinal  with  the  opposite  iitr,tta  of  u, 
very  unequal  dip,  is  rendered  probable  by  the  ininiiiture  exJiibition  seen 
in  the  section  of  tbe  lower  be(I«  in  the  railroad  cut. 

The  Walisatch  beds  have  been  described  by  Dr.  Hayden  as  wanting  in 
T«rt«brat«  fosxils.  Hy  assistant,  Professor  Gamian,  and  myself  succeeded, 
however,  in  discovering  a  number  of  species  in  the  upper  red  and  whit« 
strata  on  the  bluffs  eleven  miles  8.  E.  of  Evanstown,  or  near  the  bond  ol 
Bettr  Biver.  Thay  oiMMured  here  od  the  upper,  :uid  upper  middle  portions, 
of  the  exposure.  Extending  our  observBtious  to  the  ridges  of  bluffs 
further  to  the  southward,  we  found  the  same  strain  producing  similar, 
and  in  sevcnil  CMes  the  same,  fossils.  They  appeared  lower  down  on  the 
exposures,  cousistently  with  the  dip  of  the  stratik,  though  a  few  were 
found  near  the  top  of  these,  also. 

Tbe  species  obtained  were  as  follows  : 

Part  femur  of  an  ungulate,  as  large  us  I'alaotyops  patuduf 

End  tibia  of  a  Perlssodnctyle  mammal. 

Notharftat  niufaccienait,  Cope,  sp.  nuv. 

Dermal  scuta  of  crocodile. 

Fragments  of  a  Crocodilian,  perhaps  C.  xiphodon. 

Fragments  of  a  Trionjf^,  near  Tr.  gutlaliit, 

Notitnmrpha  Wtudiaea,  gen.  nov 
"  graeU,  sp.  nov. 


earmi 


,   sp.  I 


Fragments  of  an  unknown  reptile. 
hi.     Lejiidtiilcaa  scuta,  perhaps  like  L.  glaber. 

S  and  13.  Two  species  uf  L'nio. 
The  Kpeciraens  are  all  more  or  less  fragmentary,  and  vary  in  color  from 
nearly  whito  to  iron-rust  color.  The  ouly  ones  whose  specific  charucterB 
are  suflluieutly  preiterved  for  description  are  those  of  the  new  genus 
Ketomorpha.  The  fitcies  resulting  frum  the  associatiou  of  Lepidoiteut, 
C.  tiphodon  and  the  luauimals,  is  that  of  the  Eocene  of  the  BridgL'r 
Group  on  the  eastern  side  of  the  Wahsatch,  The  new  genus  described 
o  TertL-iry  or  Cretaceous  rclationahijis ;  yet  tlio  only  PlcUTwlira  yut 
..  i:  fi. — VOL.  x(i. — au 
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foiiiul  on  this  continent  arc  Cretaceous,  and  the  mode  of  attacUment  of 
pubis  in  these  species  resembles  nearly  that  seen  in  Nototnorph%  both 
ilifTcring  from  most  recent  genera  in  tliis  respect. 

NOTHARCTUS   VA6A(  CIEN8I8.    Cope.    Sp.  DOV. 

Rei)resented  by  a  portion  of  the  left  ramus  of  the  lower  jaw,  containing 
one  tooth  in  perfect  preservaticm.  The  structure  of  this  indicates  it -to 
be  the  second  true  molar,  and  presents  certain  features  of  distinction 
from  tlie  same  tooth  of  the  Lophiotherium  nylraticum^  described  by  Dr. 
Leidy.  Tlie  crown  presents  four  tubercles  which  are  arranged  in  pairs,  the 
separation  between  the  right  and  left  lobe  of  each  being  slight,  thus  giving 
the  tooth  the  appeai*ance  of  having  two  transverse  crests  as  in  Hyrachyu$, 
The  two  anterior  and  outer  posterior  tubercles  are  fissured  by  wearing, 
but  the  inner  posterior  consists  of  two  acute  crests  which  meet,  presenting 
an  acute  angle  towards  the  adjoining  tubercle.  The  outer  posterior 
tubercle  sends  a  descending  crest  obliquely  to  the  base  of  the  inner 
anterior  tubercle  as  in  L.  Rylraticum.  A  small  tubercle  occupies  the 
space  behind  tlie  interval  between  the  posterior  tubercles  and  gives 
orij^in  to  a  cingulum  which  passes  round  the  bases  of  the  outer  tubercles. 
It  extends  round  the  front  of  the  tooth  to  the  outer  anterior  tubercle. 
Wear  would  produce  small  angular  crescents  from  the  two  posterior  and 
the  outer  anterior  tubercle.  Greatest  length  of  crown,  M.  0.008  ;  width, 
.OOfi.     The  enamel  of  the  tubercles  is  rugose. 

This  ungulate  was  of  about  the  size  of  the  Z.  sylvaticum,  or  equal  to 
the  raccoon.  It  differs  considerably  from  that  si)ecies  in  the  less  isolation 
i>f  the  tubercles  of  the  molar,  and  the  crescentic  form  of  the  inner  pos- 
terior. 

Found  by  Samuel  AV.  Clarman,  in  the  strata  of  the  Wahsatch  Group. 
N.  K.  of  Evanstown,  Wyoming. 

IsOTOMOIlPirA.    COJKJ. 

This  form  is  one  of  the  PJeurodira,  and  differs  from  most  of  those 
already  known  in  the  recent  and  fossil  states,  in  having  many  feature.- 
relating;  it  to  a  terrestrial  rather  than  an  aquatic  life.  The  elements  of 
the  earapace  and  i)lastron  are  massive,  and  the  former  was  well  arched : 
both  exhibit  well  delined  grooves  for  the  sutures  of  the  dermal  scuta. 
The  mesosternuni  is  broad  ovate,  and  the  bones  of  the  plastron  are  united 
by  immoveable  sutures.  The  elevated  lateral  processes  of  the  hyo  and 
hyposternal  bones,  are  not  broad,  and  unite  by  suture  with  the  lower 
plate  of  the  first  and  last  bridge-marginal  bones.  They  ai*e  thus  recurved 
in  both  cases,  but  none  of  the  ribs  indicate  any  sutural  union,  as  is  seen 
in  various  genera.  The  costal  bones  unite  with  the  marginals  by  serrate 
suture. 

In  one  species  a  large  intergular  scutum  has  left  its  impression,  th^ 
guUirs  being  lateral  and  i-ather  small.  The  anterior  lobe  of  the  plastroi^ 
is  emargiiiate. 

The  sutural  union  of  the  pubis  with  the  xiphisternum  is  by  an  elongate 
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ffrouve  in  a  longitudinal  elevation  of  the  bone,  much  n»  in  the  Cn-taowiUK 
genus,  Taphroiphgii,  Cope.  The  point  or  attacliment  of  the  ischium  id 
not  oliwrved  nor  is  the  posterior  lobo  of  tlie  plastron  observed  in  any  of 
tJie  apeeimenJS.  The  external  part  of  the  hypoxiphistemal  suture  exttrnds 
vary  obliquely  backwards.  The  jmbic  suture-groove  diverges  very  litHe 
from  n  line  parallel  with  the  common  xiphiflternal  suture. 

nf  limb  hones  several  fragments  were  found  in  oonuuutiun  vrith  llie  .% . 
tttlvdineii.  but  are  too  large  to  be  referred  to  tliat  species.  One  is  thi- 
extivmity  of  a  femur,  which  had  a  round  sliaft  and  but  little  curvature. 
Tho  other  is  a  proximal  end,  with  a  Hat,  wide  trochanter,  separtilcd  flmn 
tlie  head  by  a  deep  notch,  and  witli  a  slender  curved  shafL 

Tl»e  genera  of  Plenrodira,  which  simulate  land  tortoises  most,  are- 
round  in  Africa.  Thoy  are  SUrnothimi*  and  Pfioiiu-diita.  They  are  dif- 
r«rent  enough  from  Nolom-irnha,  tlic  former  in  itx  liiiigud,  ten-plated 
plactrou,  the  latt«r  in  its  inUtrcalatcd  bone  of  the  pbwtron.  Tlie  preseul 
tmta  is,  therefore,  of  interest  in  various  ways.  It  i»  the  first  Plourodirj 
'tvrtoist)  found  west  of  New  Jersey,  and  is  the  first  of  that  divinon  known 
tt>  exist  in  the  Teiliary  formations  of  North  America.  As  coin]>ured 
with  those  from  the  Cretc^ceoua,  it  is  distinct  in  many  respects. 

Specimens  of  this  genus  are  more  abundant  than  any  other  fossils  in 
the  looulities  in  question.  In  two  of  the  individuals,  both  xiphisternal 
bones  are  preserved  ;  in  one,  tlie  niesostcmal ;  in  two,  the  epistcniuls. 
cte.  Tliree  species  appear  to  bo  represented  liy  my  specimens,  which 
vary  from  the  size  of  the  salt-mnrsh  terrapin.  Malaelemiiiyi  paluttrU.  to 
that  of  the  Misitissippi  snapper,  Miirroehelgt  littertiiut. 

NOTOMORPHA  TE8TCD1KEA.       C'OpC.    SpCC.  noV. 

Represented  by  portions  of  four  or  more  individuals.  Tn  one  of  thece 
the  Hnterii>r  lobe  of  tlic  plastron  is  in  part  preserved.  The  mosostomnni 
in  a  transverse  oval,  the  posterior  miLrgin  reguliirly  convex,  the  anterior 
with  three  eijual  borders.  The  median  of  these  Is  concave.  The  sutui'eH 
ar«  radiating,  and  the  groove  separating  the  humeral  scuta,  appears  to 
tntvene  the  entire  length  of  the  bone.  The  outer  surface  is  gently  con- 
vex. The  free  margin  of  the  epistemal  and  hypostemal  bones  is  acute, 
and  with  an  internal  thickening,  as  in  Citlurto,  Tratudo,  etc.,  formini;  a 
r{il^!(<>  with  abrupt  inner  face.  This  face  extends  backwards  as  a  groove, 
to  the  axillary  prooess  of  the  hyostemal,  farming  a  characteristic?  mark. 
Although  tlie  extremity  of  the  epistemal  bone  is  lost,  and  the  mesostemat 
VKbibita  no  trace  of  the  iutergular  scute,  the  outer  sutures  of  the  gular 
Mntft  are  so  fhr  posterior,  as  to  render  it  highly  probable  that  the  iiil«r- 
gular  plate  existed.  At  the  point  where  this  suture  reaches  the  margin, 
tha  latter  is  ojwnly  emarginate.  The  pnsl«rior  suture  of  the  humeral 
•oittv  crosses  the  margin  half  way  between  the  axilla  and  the  epistemal 
Mtture.  and  is  not  marked  by  a  notch.  The  last  named  suture  is  traiis- 
terac.  On  the  xiphisternal  bones  the  groove  of  the  anterior  suture  of 
|hB  UidIb  is  plainly  visible,  It  is  regularly  convex  forwards  and  iu  one 
n  is  double. 
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In  a  second  specimen  of  about  the  same  size^  parts  of  two  costal  bones 
are  preserved.  They  are  thick,  and  display  the  usual  costal  and  vertebral 
scute^sutures.  The  latter  one  in  a  groove,  for  the  middle  of  the  vertebrals 
is  elevated,  and  the  costals  project  shoulder-like  just  outside  the  groove. 

In  a  third  specimen  a  little  larger,  xiphisteiTials  v^rith  several  marginals 
are  preserved.  A  free  posterior  marginal  is  regularly  recurved,  and  the 
scute-Butui-es  are  deeply  impressed.  The  marginal  scuta  have  evidently 
been  marked  with  concentric  grooves  within  their  margins.  The  first 
marginal  bone  of  the  bridge  has  a  very  obtuse  edge. 

In  none  of  the  specimens  are  the  surfaces  sculptured. 

Measurements* 

No.  1.  M. 

Width  plastron  at  axilla 0.086 

Length  plastron  from  axilla  (approximate) 05 

Thickness  hyostemal  at  mesostemal 009 

**  **  "  hyposternal 0065 

Width  mesostemal 037 

Length  "  026 

Thickness  of  a  vertebral 006 

**         **    xiphisternal  (normal) 004 

**         **  "         at  pubis 007 

No.  2. 

Thickness  costal  at  bump 0075 

Width  of  costal 0175 

No.  3. 

Width  of  posterior  marginal 027 

Length  ''  *'  019 

The  mesostemal,  though  found  with  No.  1,  dojs  not  fit  it  exactly  and 
does  not  belong  to  it. 

NoTOMORPHA  GRAVIS.     Copc.  specics  nova. 

This  species  is  known  by  portions  of  one,  and  probably  of  other  speci- 
mens. The  type  is  larger  than  any  of  the  last  described,  and  equalled  some 
of  the  Cheloniae  of  the  ocean  in  dimensions.  The  right  hyostemal  bone 
indicates  both  resemblance  and  difference  from  the  iV.  testudinea.  The 
former  is  seen  in  the  internal  thickening  parallel  to  the  margin,  bounded 
behind  by  a  deep  groove  extending  to  the  axilla.  A  ixjculiarity,  in  which 
it  diflers  from  the  N,  testudinea,  is  seen  in  the  posterior  position  of  the 
humero-pectoral  dermal  suture,  which  originates  at  the  axilla.  The  epi- 
hyosternal  suture  is  concave.  The  thickened  jwrtiim  of  the  episternal 
margin  is  shorter  and  wider  than  in  the  species  just  named,  the  width 
being  to  the  length  as  2.5  to  2  ;  in  N.  testudinea,  as  1.5  to  2. 

Thickness  of  hyostemal  anteriorly Oil 

Width  of  costal,  (?)  second  specimen 058 

Surfaces  not  sculptured. 
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NoTOMORPHA  GARMANii.     Cope.  spec.  nova. 

Represented  by  numerous  fragments  from  a  bluff,  six  miles  north  of  the 
Bear  River.  There  are  numerous  bones  of  the  carapace  and  plastron.  A 
characteristic  piece  is  the  episternal  bone.  It  displays  marked  difference 
from  the  same  element  in  the  type  of  the  genus,  in  lacking  the  acute  edge 
and  internal  thickening.  The  margin  is  obtusely  rounded  and  the  suture 
with  the  hyostemal  is  convave.  The  anterior  margin  is  truncate.  The 
dermal  sutural  grooves  are  well  marked.  There  is  a  large  intergular 
soutum,  which  evidently  encroached  considerably  on  the  mesostemal  (a 
piece  not  preserved)  and  probably  subtriangular  in  shape.  The  gulars 
are  reduced  to  triangular  areas  on  the  outer  anterior  angles,  the  suture, 
with  the  humeral,  being  in  front  of  the  middle  point  between  the  angle 
and  the  hyostemal  suture.  The  margin  is  less  distinctly  emarginate  at 
this  suture  than  in  N.  testudinea. 

The  marginal  bones  belong  to  both  bridge  and  free  edge.  They  are 
all  much  thickened  medially,  but  with  thin  proximal  sutural  margins. 
The  free  ones  are  well  recurved,  and  with  regular,  rather  thickened 
margins.  The  bridge  marginals  have  very  obtuse  margins.  Their 
general  massiveness  is  in  contrast  to  the  thinness  of  the  costals  of  which 
there  are  numerous  fragments.  Portions  of  vertebral  bones  are  inter- 
mediate in  thickness.  There  is  no  thickening  or  ridge  on  each  side  of  the 
vertebral  scuta.  The  scutal  grooves  arc  everywhere  well  marked.  The 
surface  of  the  marginals  and  episternal  is  obsoletely  rugose,  somewhat  as 
in  some  species  of  Taphronphys,  from  the  Cretaceous. 

This  species  was  about  the  size  of  N,  gravis,  and  differs  from  it  in  the 
episternal  bone,  etc. 

Measurements,  M. 


Length  of  episternal  (approximate) 0.04 

**        from  posterior  suture  do.  to  gular  scute 02 

Thickness  episternal,  behind Oil 

Length  of  a  marginal  bone 042 

Width  of  same  **  **     045 

Thickness  "      **  "     015 

Width  of  a  bridge-marginal 04 

Thickness  of  a  vertebral 007 

This  species  is  dedicated  to  my  assistant  and  friend,  Prof.  Saml.  W. 
Garman,  of  Chicago,  whose  eye  detected  the  fragments  which  teach  its 
character. 

At  a  future  time  it  is  hoi)ed  that  a  fuller  account  of  the  fauna  of  this 
lake  basin,  now  enclosed  between  the  Eastern  and  Western  ranges  of  the 
Wahsatch  Mountains,  may  be  given. 
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ON  THE  TERTIARY  COAL  AND  FOSSILS  OF  08IN0,  NEVADA. 

By  Edward  D.  Cope. 

(Read  before  the  American  Philosophical  Society,  July  19,  1872.) 

The  locality  of  the  exposure  of  these  coals  is  in  the  northeastern  por- 
tion of  Nevada,  twenty-five  miles  northeast  of  Elko,  on  the  Central  Pa- 
cific Railroad.  The  outcrop  is  on  the  south  side  of  the  low  mountain 
i-ange,  bounding  Humboldt  Valley  on  the  north.  The  beds  are  exposed 
in  a  diift  and  adjacent  cutting,  and  a  shaft  200  feet  in  depth.  The 
strata  are  argillaceous,  and  in  some  degree  calcareous,  and  are  very  thinly 
laminated ;  so  much  so  as  to  resemble  thin  brown  or  black  paper  in  some 
portions  of  the  series.  They  are  highly  carbonaceous,  and  bum  freely  i 
some  of  them  with  the  odor  of  amber,  which  appears  as  a  gloss  on  some 
of  them.  Descending  sixty  or  more  feet  through  these  shales,  we 
reach  a  bed  of  solid  argillaceous  material,  of  a  dark  g^een  color.  This 
can  be  removed  with  the  pick,  but  hardens  on  exposure  to  the  atmos- 
phere. It  contains  fi-esh- water  shells.  The  fii*st  bed  of  coal  is  two  and 
a  half  feet  in  thickness,  with  one  or  two  lamina)  of  slate.  The  second 
bed  is  twelve  feet  deeper,  and  is  about  three  feet  in  thickness.  In  qual- 
ity, both  resemble  cannel,  but  have  more  lustre. 

Masses  of  the  laminated  shales  resemble  the  braun-kohle  of  Bonn, 
Prussia,  and  they  contain  fossils  disposed  in  the  same  way.  These  con- 
sist of  multitudes  of  leaves,  mostly  of  dicotyledonous  plants ;  of  molluscs, 
insects,  and  fishes;  the  last  two  often  in  a  fine  state  of  preservation. 
The  molluscs  present  forms  similar  to  PlanorbiSj  Vtcipara,  etc.  The 
insects  are  mostly  Diptera,  and  some  of  them  are  Nematocera.  The 
fishes  are  fresh-water  forms,  of  which,  perhaps,  four  species  were  pro- 
cured. I  have  made  an  examination  of  two  of  these,  and  find  them  to 
represent  both  species  and  genera  new  to  science.  One  of  these  is  of  in- 
terest, as  furnishing  the  first  evidence  of  the  appearance  of  the  Catostomid 
type,  now  so  extended  in  North  America ;  the  other  is  allied  to  a  genus 
which  ha«  been  discovered  in  the  Eocene  shales  of  Green  River. 

The  shales  are  considerably  less  indurated  in  general  than  those  of 
Green  River.  They  have  been  greatly  disturbed  by  the  elevation  of  the 
ranges  bounding  Humboldt  Valley,  as  they  dip  nearly  south,  at  an  angle 
of  forty-five  degrees,  at  the  mine. 

The  same  shales  are  exposed  in  the  ravines  on  the  south  side  of  the 
valley,  dipping  at  one  point  where  a  drift  has  been  run,  at  an  angle  of 
forty-five  degrees  to  the  northeast.  They  contain  at  this  place  plants  and 
shells  similar  to  those  of  the  north  range. 

The  descriptions  of  two  of  the  species  of  fishes  are  appended,  with  re- 
marks. Further  investigation  will,  no  doubt,  deteimine  the  age  of  this 
series. 

Extensive  beds  of  a  highly  silicious  amorphous  rock  apjHjar  near  to 
these  shales,  one  series  being  exposed  in  a  nearly  horizontal  position  in 
the  valley,  but  little  below  the  coal  shales,  and  apparently  occupying  a 
higher  horizon.  They  are  filled  with  huge  silicious  concretions,  and  in 
many  places  assume  the  appearance  of  sandstone.     Similar  strata  of  sil- 
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jciouB  rock  eap  tlie  ft>ot-hil]>:i  of  the  r;iaj;e,  fnrming  tlieir  Kouthem  slopes 
with  the  sonthern  dii),  appealing-  lo  bo  nearly  conformable  to  the  duties, 
TIi«ir  cGFarpments  arc  to  tlio  northward,  and  the  outcropa  ore  fissured 
In  ovni'y  fllivction,  the  debriit  being  soattered  over  the  lower  levels.  On 
one  of  tlieiw  rather  elevated  valleyit  I  found  abundant  remains  of  tlie 
trunks  of  ancient  forest  trees,  conipleUily  silicifled.  Many  of  the  trunks 
must  have  mvaBurnl  live  feet  in  diameter,  and  display  the  oouountric 
Ikminie  of  Ibo  dicolyleduuims  type.  They  were  v^inoualy  altered;  some 
becoming  cliiilctMlony,  aad  olheni  opikl ;  purtiuus  heiug  blatk,  red,  yellow, 
puqile,  or  white,  of  great  purity. 

At  another  outcrop  of  the  siliciuuB  Ktrata,  a  few  miles  distant  from  the 
above  locality,  the  rock  was  found  to  be  variegated  by  eoncentric  bauds 
of  red,  yellow,  black,  and  white.  Though  fine  in  texture,  it  is  not  suf. 
Ociently  traniducicut  to  uonRtitute  a  valuable  agate,  whioli  it  otherwise 
rosembleK. 

The  euiinection  between  these  Giliciotis  strata  aud  the  siliciiied  wood 
seems  apporeuL  The  silica  deposited  in  sufficient  quantities  to  form 
Htrata  of  from  twenty  to  forty  feet  in  thiukness,  would  suffice  to  impreg- 
nate aiilmici-gei)  ftirests.  TIml.  these  strata  are  of  Kedimentary  age  is  not 
HettlMl,  but  th^y  neeui  to  be  conformable  to,  and  later  than  the  tertiary 
shnles  jufit  described. 

TRicKornANEs.    Cope.    Gen.  noy. 

Allied  lo  SrUmatopteru*.  Cope,  and  to  tlie  family  of  Cyprinodontidir. 
Duraat  aud  aiuil  fins  short,  each  with  a  loug  and  short  spinous  ray  on  tiM 
sntiirior  margin.  Vcntmls  beneath  the  dorsal.  Operculum,  with  a 
tongitudinat  keel  above.  Month  with  wide  gape,  extending  beyond  orbit. 
Soales  wanting,  represented  by  rigid  fringes  or  hair-like  bodies. 

devoral  importnnt  characters  of  this  genua  are  not  vei?  distinctly  <lis> 
played  by  the  specimen  deserihed.  Tliis  is  especially  the  case  with  the 
maxillary  region.  Tlie  premaxillary  bone  evidently  forms  a  large  part 
of  tlie  araade  of  the  nioutli,  but  whether  the  whole,  is  not  certain.  Tlie 
{iresence  of  teetli,  and  number  of  branoliiostegal  radii,  cannot  be  stateil. 

Other  points,  more  dettnitely  exhibited,  are  a  preoperculnm  without 
urnitiiins,  directed  a  little  obliquely  kaekwards  ;  a  ooraooid  of  little 
width :  an  inferior  postclavicle  with  a,  superior  (proximal)  conchoidal  ex- 
pansion and  long,  slender  shall,  extending  to  the  anterior  extremity  of 
the  femora.  The  latter  are  quite  slender  and  acuminate  anteriorly,  and 
grooved  til  the  apex,  bnt  apparently  not  furcate.  They  do  not  pi-escut 
any  marked  posterior  imion.    Vertebtra  not  elongate. 

Caudul  flu  furcate.  Inlemeural  spines  wanting  in  front  of  dorsal  fin  ; 
tllOBe  of  the  anterior  rays  very  Htmng.  Intcrlisinals  of  the  anterior  anal 
T*3*  similarly  strong.  Caudal  flu  embracing  one  -vertebra,  and  sup- 
ported by  sepurated  Inemal  spines. 

The  charuoters  which  separate  TrifKophnnrt  from  EriitnatopUrut,  are 
nen  in  the  large  mouth  and  short  muKzle,  and  in  the  peeuliar  ooveriiig  of 
In  the  former  character   it    resembles   some   of  the  Seopeli, 
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while  the  latter  is  not  seen  in  any  genus.  The  bristle-like  bodies  are 
scattered  over  the  whole  extent  of  the  fish,  excepting  the  head  and  the 
fins,  and  are  arranged  in  little  aggregations,  which  are  irregularly  dis- 
posed. The  processes  themselves  lie  irregularly  together,  as  though 
free  from  each  other,  and  are  evidently  not  the  impressions  of  keels  of 
the  scales.  Traces  of  other  scales  are  not  visible,  and  the  bodies  described 
would  suggest  the  existence  of  an  ossified  ctenoid  fringe  on  a  less  fully 
calcified  scale,  or  possibly  without  such  basis. 

Trichophanes  hians.    Cope.    Sp.  nor. 

Vertebrffi,  D.  9 ;  C.  15 ;  six  between  intemeural  spine  of  dorsal,  and 
interhsemal  of  anal  fin.  Radii,  P.  II.  (?)  6  (soft  rays  somewhat  injured) ; 
A.  II.  7 ;  V.  and  P.  not  all  preserved ;  caudal  rays  numerous,  forming  a 
deeply  bifurcate  fin.  The  ventrals  reach  a  little  over  half  way  to  the 
anal,  and  the  latter  about  half  way  from  its  basis  to  that  of  the  caudal 
fin.  The  dorsal  fin,  laid  backwards,  reaches  the  line  of  the  base  of  the 
first  anal  ray.  The  first  dorsal  ray  is  a  little  nearer  the  end  of  the  muzzle 
than  the  origin  of  the  caudal  fin.  The  muzzle  is  very  obtuse,  and  if  the 
specimen  be  not  distorted,  not  longer  than  the  diameter  of  the  orbit. 
The  gape  extends  at  least  to  the  posterior  line  of  the  orbit.  The  subor- 
bital region  deep  posteriorly. 

In  its  present  somewhat  distorted  condition  the  specimen  measures  in 

M. 

Total  length 0.059 

Head 016 

VertebraB 029 

Caudal  fin 0142 

Length  dorsal  spine 008 

**        anal 008 

"        of  hair-like  bodies 0005 

Amyzon.     Cope.     Genus  noyum  Catostomidarum. 

Allied  to  Buhalichthys.  Dorsal  fin  elongate,  with  a  few  fulcral  spines 
in  front,  and  the  anterior  jointed  rays  osseous  for  a  considerable  part  of 
the  length.  A  few  short  osseous  rays  at  front  of  anal  fin.  Scales  cycloid. 
Caudal  fin  emarginate.     Mouth  rather  large,  terminal. 

The  characters  of  this  genus  appear  to  be  those  of  the  Catostomida. 
There  are  three  broad  branchiostegals.  The  vertebrae  are  short,  and  the 
hienial  spines  of  the  caudal  fin  are  distinct  and  rather  narrow.  In  one 
specimen  a  pharyngeal  bone  is  completely  preserved.  Not  having  it 
before  me  at  the  moment,  I  merely  observe  that  it  is  .slender,  and  with 
elongate  inferior  limb.  The  teeth  are  arranged  comb-like,  are  truncate, 
and  number  about  thirty  to  forty.  This  and  other  portions  of  the  stinic- 
ture  will  be  more  fully  described  when  the  whole  series  of  specimens  is 
investigated.  The  bones  bordering  the  mouth  above  are  a  little  dis- 
placed, and  the  lower  jaw  projects  beyond  them,  and  is  directed  obliquely 
upwards.     The  dentary  bone  is  slender  and  toothless,  and  the  angular  is 
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distinct.  The  premaxillary  appears  ti*  estand  beneath  the  whole  length 
of  the  maxillary.  Should  this  feature  be  Bubrtantiatcd,  it  will  indi- 
cate a  reNcmbtance  to  Cyprinictie.  Tlio  maxillary  has  a  high  espansion 
of  its  suiwritit  niar^n,  and  then  coutraeta  towards  its  citreuiity.  Above 
it  two  bones  ilescend  steeply  from  above,  which  may  bu  out  of  poKitiou. 
The  preoperculum  is  not  serrate.     The  superior  ribs  are  well  developed. 

This  form  npprnoches,  iu  itfi  anterior  mouth,  the  true  Cypriniils 
through  B'lli-diththyt.  It  i»  the  first  ext^ct  form  of  Catoatomidie  fotind 
in  this  country. 

AjiTE09  MKNTALE.    Cope.    Species  nova. 

TluB  fish  occurs  in  conKiderable  numbers  in  the  Osino  shales,  and  nu- 
merous specimens  have  been  procured.  Two  only  of  these  are  before 
me  at  present,  Thoy  are  of  nearly  similar  length,  viis.,  M.  O.  .12  and 
.109.  The  most  elevated  portion  of  the  dorsnl  outline  is  immediately  ir 
front  of  the  dorsal  fln.  From  this  point  the  body  eontroots  re^'ularly  . 
the  caudal  fin.  The  dorsal  fin  is  long,  and  is  elevated  in  front  and  eon- 
cave  in  outline,  the  last  rays  being  quite  short.  They  temiiuate  one 
half  the  lengtli  of  the  fin  in  front  of  the  eaudal  fln.  The  interueurnl 
spines  arc  stout  in  front  and  weak  behind.  Kadii,  III.  SO,  and  '?!  11.  SR. 
There  are  about  twenty-three  vertobi-s  between  the  first  inti^rneural 
spine  aud  the  end  of  tlie  series  in  the  former  specimen,  in  which,  aliiii, 
there  are  no  distinct  remains  of  scales.  In  the  second,  scales  are  pre- 
served, hut  no  truce  of  lateral  line ;  there  are  six  or  seven  longitudinal 
rows  nliove  the  vertebral  column.  Tbe  anal  fln  is  preserved  soiiicwbat 
daimtged ;  the  rays  are  not  very  long,  and  number  It.  7.  The  anterior 
interluDmal  is  expanded  int«  a  keel  anteriorly.    Ventral  flns  injurcil. 

The  ribs  and  supplemenlariea  are  well  developed.  The  inferior  quad- 
nte  is  a  broad  bone,  witli  deep  emargination  for  the  symplectic.  Depth 
No.  %  in  front  of  dorsal  fin,  M  .036.    Length  basis  of  dorsal,  .028. 


ON  THE  EXISTENCE  OF  DINOSAUIUA  IN  THE  TRANSITION 
BEDS   OF    WYOMING. 
By  EnwABD  D.  Cope.  2  O  t 

(Rf'til  bi^on  tlu  Amtrieun  PhiloHnpfiiciU  SocUty,  8tpt.  19,  1873.) 
During  the  present  season,  F.  B.  Heek,  of  Dr.  P.  V.  Ilayden's  Geolog- 
ical Survey  of  the  Territories,  discovered  some  large  bones  near  Black 
Batt«B  Station,  on  the  Union  Pacific  Railroad,  fifty-two  miles  east  of 
Orson  Itiver,  and  near  the  Hallville  Ccial  Mines.  Shortly  afterwards  I 
risited  thn  Hpot  with  a  branch  expedition,  and  commenced  excavations 
with  a  view  to  the  recovery  of  the  remainder  of  the  animal.  Tlie  posi- 
tion WHS  discovered  to  be  between  the  thinner  or  lower  strata  of  the 
mttor  Creek  series  of  coal,  which  at  tius  point,  occupy  a  position  of 
elevation  and  crop  out  high  on  the  bluffs.    Two  strata  appear  above  the 
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sandstone  in  wbich  the  hauee  oconr,  and  oius  beluw  it.  The  portions  nf 
tho  skeleton  found,  rested  in  the  niidat  of  vegotAble  debria,  iw  istiolts  and 
stomii,  and  wag  covered  with  many 'beautiful  dicotyledonous  tcAVcs,  which 
fiUed  tile  interstices  between  tile  bones.  The  plant-bed  gradually  puaed 
into  &  shell-bed,  containing;  numerous  tliiu  dimyariti,  And  close  hy,  some 
oyHtera  were  found.  The  whole  question  as  to  geologic  «ge  and  aqueous 
oonditionH  during  wliich  Qiwo  \i»d6  wer«  deposited,  being  unuettlcd,  I 
gave  esiwdal  attention  to  the  recoveiy  of  the  boues.  with  the  view  of 
reaching  a  definite  couclusinn  on  these  points. 

We  succeeded  in  recovering  Eijtteen  vertebrie,  inelvding  a  perfect 
sacrum,  with  dorsals  and  aaudabi ;  both  iliac  and  other  pelvic  boncB, 
those  of  one  side  nearly  perfect ;  some  bones  of  tlie  limbs,  ribs  and  other 
parts  not  determined. 

Tile  vt^^I«b^B  are  large.  The  dorsals  are  slinrt,  with  vertically  oval 
centra,  and  small  neural  canal.  The  diapophyscs  originate  well  above 
lite  neural  canid,  diverge  upwards,  and  are  triangular  in  section.  Thtt 
neural  spine  is  very  much  elevated,  an4  the  arch  short  antero-poa- 
teriorly.  The  zygapophyses  are  close  together  in  both  direetions,  those 
of  tlie  same  aspect  being  separated  by  a  nnrrcFW  keel  only.  They  no  nut 
project,  hut  consist  of  articular  sarfiioes  cut  into  the  solid  spine.  The 
littter  in  flat  and  dilated  diKtally.  The  articular  faces  are  nearly  plane 
with  a  slight  mediau  prominence. 

The  ribs  have  two  articular  surfaccx,  but  I  found  no  capitular  pit  on 
tho  dorsal  centra. 

Elevation  of  eeutrum,  7.S  in. ;  width  of  the  same,  5  in.  7.S  lines ;  length 
of  do.  3  in.  8.5  lines.  Total  elevation  of  a.  dorsal  vertebra,  twenty-eight 
inches  three  lines.  The  sacrum  cousisU  of  live  verlcbrw,  the  aTit«ripr 
oenlmm  nut  depresaed.  They  give  oat  huge  diapopliysca  which  are 
united  by  suture.  They  are  theBiselves  uniti'd  distally  in  pMra,  eavh 
pair  supi)orting  a  luugitudinat  convex  articular  I^o  fur  the  ilium.  Each 
pair  encloses  a  i>erforatton  with  the  centra.  Tho  tirst  diapophysis  goea 
ott  from  the  point  of  junction  of  the  flrst  and  second  vertebrua,  Ihi)  second 
from  tlie  third  only,  and  is  moi'c  slender.  The  total  length  is  25  in. ; 
and  tho  width  30  in.  Its  vertebral  are  flat  below,  witli  latero-inferiur 
angles.    Tho  last  centrum  gives  oR*  a  simple  diapophysls. 

Another  vertebra  exhibits  a  diapophysis  as  low  as  the  Itooruf  tlie  neUTxl 
canal  and  united  by  coarse  suture.  Others  posterior  to  the  sacrum  are 
more  elongate  with  slightly  compressed  oentruni,  and  with  diajKipllysla 
opposlti'  floor  of  canal  and  not  united  by  suture.  Contra  flat  Iwlow  ;  no 
chernjri  bnnes  discoverable.  Length  centrum,  4  In.  4  lines ;  ile])lh  of 
articular  face,  4  In. ;  widtli  of  do.  4  in.  3  lines. 

The  iliac  bone  Ji  extended  antoro-postcriorly.  One  extremity  is  thick 
and  mther  obtuse,  but  of  little  depth.  Tliere  is  a  large  protuberanos 
above  tlie  acetahiiLir  sinue.  The  other  extremity  Is  dilatiMl  into  a  flat 
tliin  plule  of  rather  greater  length  than  the  stouter  extremity-.    Pi'om 
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X  margins,  a  rod-like  elcineiit  projects.  Its  total  length  is  ubout 
\r  feot,  of  wbioh  tlic  a«el.i1iuli>r  sinuH  measures  about  6.1(1  luetics. 
KA  short  bone  pertaiuing  to  the  limbs  lias  the  artit^iihir  Kui'fiiaes  at  a 
rODg  angle  Ui  esch  other,  hence  the  shnft  is  tnisted-  It  is  deeply 
ed  on  one  side  near  the  extremity.  The  other  extremity  bean  a 
r  flattened  hour-glass  shaped  articular  face,  and  below  it  on  one 
Angle  in  a  crcKt.  The  convexity  of  the  aiirfiice  in  nut  great,  and  this 
extremity  resembles  that  of  a  Dinosaurian  or  Crocodilian  reptile.  Its 
length  is,  however,  only  eight  and  a  quarter  inches  ;  appai-untly  too  small 
for  a  humerus,  tliough  this  U  not  certain,  while  it  is  decidedly  too  small 
r  a  metatarsiil  of  such  an  animal. 

\  the  above  description,   it  is  evident  that  the  imlmal  of  Blitelc 
hlttes  is  a  Dinosanran  reptile,  the  characters  of   the  sacral   and   iliac 
i  aloDe  snSlcing  to  demonsti'ate   this  point.      If  tlie  reader   will 
compai'e  tile  moaBurements  given  fur  s-pecies  of  this  group  already  known, 
ho  will  obxervo  that  those  of  tlic  present  animal  exceed  those  yctdeseiibnl 
from  North  Amerio.     It  la  possible  that  if  thu  con'osjiondiiig  parts  of 
idrotatirui  tripoi.    Cope,   or    T}nipt*ius  nrciiUatalU,   Leidy.  arc  dis- 
rered,  they  may  approach  it. 
ilt  is  thus  conclusively  proven  tliat  the  coal  strata  of  the  Bitter 
Belt  Basin  of  Wyoming  Territory,  vihich  embraces  the  greater  area 
yet  discovered,  were  dejiosited  during  tlio  Cretaceous  period,  and  not 
during    the   Tertiary,  though   not  long  preceding  the  latter.      It   ap- 
pears that  the  furests  that  intervened  between  the  swamps  of  epoehs, 
iring  which  the  coal  was  formed,  were  inhabited  by  these  huge  mon- 
That  one  of  them  laid  down  to  die  near  the  shore  of  probably  a 
Rckish-water  inlet,  and  was  soon  covered  by  the  thickly  fallen  leaves  of 
e  wood.    That  continued  subsidence  of  the  level  submerged  the  bones, 
re  then  covered  by  sand. 
\  The  fni-m  of  the  ilium  dilTei-s  very  materially  from  that  of  Ilaitrotau- 
',  and  the  vertobrw  are  plane,  thus  differing   froni   Thetifiitit.     The 
mh  bone  is  distinct  from  anytliini;  in  Ltrlapt,  which,  moreover,  probably 
resembles   Tliegalommrvit  in  its  ilium-     The  present  fonn  recalls  ratlier 
C«tlo*aufu:     As   it  is  evidently  new  to  our  system,  it   may  be  called 
Agathacu.vs 


OTICES  OF  NEW  VERTEBRATA  FROM  THE  UPPER  WATERS 
OF  BITTER  CREEK,  WYOMING  TERRITORY. 

By  Edward  D.  Cope.  2*/*  j 

hlfi^ad  befnre  tht  American  PhiUitophkal  Sofietg,  Stptemlmr ii,  1878.) 
Svsopi.ornKRiPM  cjisita.     Cope.     Gen.  et  sp.  nov. 
rhis  genus  possesses  the  dtntal  formula  no  tar  as  known,  I.^e.JMj.     In 
fa  only  Rpccimen  with  molars,  the  crowns  are  murl)   worn,  but  iu  all, 
it  antero-posterior  much  exceeds  the  transverse  ilcameter,  and  cuiii^isted 
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of  two  lobes.  The  i)08terior  molar  had  no  more  lobes,  and  is  smaller 
than  the  penultimate.  The  first  is  two-rooted,  and  is  separated  by  a  wide 
space  from  the  inferior  canine.  The  superior  canine  is  of  disproportion- 
ately large  size,  and  issues  a  little  behind  the  premaxillary  suture.  The 
incisions  are  crowded  closely  together,  and  are  of  conic  form.  The  ex- 
terior is  several  times  as  large  as  the  others.  The  inferior  incisors  are  of 
huge  size,  project  upwards  after  the  manner  of  rodents,  and  are  inserted 
by  a  short  base  into  the  solid  symphysis.  They  are  separated  by  a  short 
interspace,  which  is  without  alveoli. 

The  fore  foot  possesses  four  digits,  of  which  the  inner  is  considerably 
the  shorter.  Phalanges  not  slender  ;  ungueals  flat,  deeply  fissured  above. 
Caudal  vertebrae  slender. 

This  most  remarkable  genus  is  not  at  present  referable  to  its  proper 
order.  The  sui)erior  anterior  teeth  are  of  carnivorous  type ;  the  opposing 
teeth  look  like  those  of  rodents,  while  the  molar  teeth  differ  from  both. 
It  is  allied  to  Anchippodus,  Leidy,  which  is  only  known  from  mandibles. 
Tliis  form  Dr.  Leidy  has  called  the  "gnawing  hog,"  but,  as  it  probably 
exhibits  a  structure  similar  to  that  seen  in  the  present  genus,  it  is  obvi- 
ous that  the  huge  symphyseal  teeth  were  not  designed  for  gnawing  in 
the  usual  sense.  I  suspect  these  animals  to  have  lived  largely  on  turtles,* 
and  that  the  structure  in  question  was  adapted  for  crushing  their  shells. 
This  is  the  more  likely  from  the  prodigious  number  of  turtles  which  must 
have  existed  contemporaneously  with  them.  There  are  twenty  species 
described  from  the  Bridger  formation,  and  their  numbers  are  legion,  as 
already  described  by  Professor  Marsh.  Their  bones  are  always  in  sight, 
and  six  or  eight  are  not  unfrequently  found  lying  together. 

Char,  specif.  The  mandibular  rami,  posterior  to  the  symphysis,  are  not 
heavily  constructed.  The  symphyseal  teeth  are  very  stout,  and  exhibit 
two  longitudinal  grooves  on  the  outer  and  outer  inferior  face;  the  shaft  is 
compressed,  and  the  worn  surface  is  on  the  outer  side,  as  produced  by 
the  canines,  and  on  the  extremity,  produced  by  the  outer  incisor.  The 
superior  canine  is  compressed,  and  as  large  as  that  of  a  grizzly 
bear.  The  outer  incisor  is  nearly  straight,  and  with  conic  crown.  A 
large  part  of  its  shaft  is  exposed  at  the  bottom  of  a  wide  vertical 
groove,  which  extends  upwards  between  the  canine  tooth  and  a  ridge  de- 
scending from  tbe  edge  of  the  nares.  The  external  nareal  opening  is  en- 
tirely anterior,  and  is  narrowed  below,  in  accordance  with  the  narrowing 

of  the  premaxillaries. 

M. 
Length  of  interior  dental  series  to  bases  of  symphyseal 

tooth 0.170 

Depth  ramus  at  last  molar 050 

Length  symphysis 000 

"      muzzle  from  canine 017 

Length  symphyseal  tooth  projected 010 

Diameter         "  ''  **         020 

"  canine  **  **        028 

*  ThlH  view  was  already  exproMed  in  The  JVtend,  Phllada. .  1872.  Winter 
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If  the  liodjr  of  tills  animal  were  of  aaual  propoiliouH  ns  relates  to  tliu 
skull,  it  was  hboiit  the  aixe  of  tlie  block  buar  (  Unui  amerCeiinut),  The 
wpru  cuiulitioii  of  t)m  tectli  iutllcatps  an  nlil  nminal,  aud  oim  thiLt  had 
lived  on  hard  food. 

EiiBABiLEtTB  coRsrTt's.  Cope, 
Gen.  et  sp.  nov. 

EstabliHhed  on  remains  of  five  indi-viiliiala  of  the  average  sise  of  the 
Ala*Coilon  ohiolican.  These  indicate  clearly  a  form  of  proboseidian  not 
before  ri-'coguieod.  The  structure  of  the  tibia  and  astra^lus,  cleailjr 
indicate  that  tbtt  speuies  is  not  articrdnotyle,  while  the  perfectly  simple 
femur  is  not  periseodnctyle.  Tlie  posterior  purt  of  the  urauitun,  und  Uie 
short  stout  pbalAUg(i8  are  proboHcidian.  The  existence  of  homa  on  the 
frontal  bones  separates  it  at  once  from  Dinoihrrium,  Mantoilojt,  Slegridoit, 
or  Elf-phiMy  and  indicates  a  remarkable  combinntion  of  nti-ucture  nut 
before  known  to  natiiralists.  The  giganlio  size  of  the  typical  species 
adds  to  its  intei'eHt,  and  shows  it  to  have  been  the  monarch  of  the  remark- 
able fauna  diselusi'd  by  reeent  reseurolies  in  Wyoming. 

The  distal  extremities  of  both  humerus  and  femur  are  llxt,  the  former 
frith  oblique  trochlear  face  aud  shallair  olecranar  fossa.  The  great  cro- 
utuuiter  uf  the  femur  is  llat  and  not  reuurved  ;  little  trochanter  wantlug. 
Spine  of  tibia  very  obtuse  ;  distal  estveniity  little  excavated.  Distal 
extremity  of  plmlanges  not  divided  b^  trochlear  ridge. 

Ai-licular  extremities  of  vertebite  plane  ;  the  cervicals  very  short. 

Cranium  with  vertical  occiput  with  broad  convex  Buperior  outline. 
Tem|ii>ral  fosasj  lateral,  posteriorly  email.  Horn-oores  obtuw,  coin- 
presied,  most  at  base  ;  direction  divergent. 


NU! 


t  1. 


M. 


Length  of  hom-cores  i%  inches) 0.1-53 

Elevation  occiput  from  foramen  magnum 180 

Width  across  supra-occipital  crest S15 

"      of  condyles  with  foramen SOU 

"        "  piii-umastold  process , 087 

Number  3. 
Transverse  diameter  condyles  humerus .185 

Diamettrr  cvti'emity  tibia  (.tranSTerse) ISO 

"  "  "     (ontero-twsterior) 096 

head  "     (tranaveree) 140 

"       glcuoid  cavity  scapula iriO 

Furtljer  details  of  the  structure  of  this  animal  will  be  iwught  for  with 
interest.   From  the  manner  of  its  occurrence,  it  probably  went  iu  families 

CnocoDiLUs  ct.AVia.    Cupe. 

This  is  a  large  species  with  a  tnuxxlc  of  narrowed  pnipnrtious  and 

sufficient  de|>th  to  give  it  a  broad  ovnl  section.    The  nasol  bones  appear 

to  have  reached  tlie  nnrenl  oriflce.     Tlie  anterior  superior  teeth  itre  very 

luge,  especially  tlie  canine.     The  inferior  tooth  coneMponding  is  large, 


Cope.]  4ob  [Sept.  19, 

and  occupies  an  emargination  which  approaches  near  to  the  nasal  suture. 

The  pitting  of  the  muzzle  is  fine,  and  the  swollen  interspaces  much  the 

wider.    The  teeth  have  stout  conic  crowns,  with  well-developed  cutting 

edges  and  coarse  striate  sculpture.     The  maudihle  is  acuminate  to  the 

narrow  extremity,  and  has  a  long  symphysis,  which  extends  to  opi>osite 

the  third  tooth  behind  the  notch.     The  cervical  vertebrae  preserved,  have 

round  cups  ;  they  have  a  simple  elongate  hypapophysis  with  a  pit  behind 

it ;  shoulder  very  prominent. 

M. 
Length  of  ramus  with       teeth 

**      **    symphysis 135 

Width  do.  at  end  of  symphysis . .  .085 

**     do.  **      mandible 020 

**    maxillary  at  third  tooth  above 060 

**  **        **    notch  above 020 

This  species  has  a  moi*e  slender  muzzle  than  those  described  by  Marsh 

and  Leidy,  and  is  of  larger  size. 

Rhineastes  peltatus.  Cope. 
Gen.  et  sp.  nov.  Nematog^athonim. 
Established  on  cranial  and  other  bones,  with  spines  of  a  silurifoi*ro  fish 
of  the  size  of  the  largest  species  of  Amiunts,  The  form,  in  the  excessive 
rugosity  of  the  external  long  surfaces,  reminds  one  of  some  of  the  Bra- 
zilian Dorades,  The  frontal  fontanelle  is  closed,  though  very  distinctly 
marked  by  a  groove  of  the  surface  not  rugose.  The  rugosity  consists  of 
innumerable,  packed  osseous  papillae.  The  cranial  ossification  is  con- 
tinued posteriorly  as  a  shield,  which  is  strongly  ccmvex  from  side  to  side. 
The  spine  is  symmetrical,  and  probably  dorsal.  It  is  compressed  and  curved 
antero-posteriorly,  and  is  deeply  grooved  behind.  Laterally  it  is  closely 
striate  grooved  ;  the  anterior  face  is  narrowed,  obtuse,  and  minutely  ser- 
rate with  cross  ridges  ;  each  side  of  it  is  rugose  with  several  irregular 

series  of  pronounced  tubercles,  arranged  transversely. 

M. 
Width  frontal  bone  near  front  of  fontiinelle 0.012 

Thickness  at  do 004 

"        '*       of  casque 004 

Width  spine 005 

Depth       ''     009 

Rhineastes  smitiiii.     Cope. 

Indicated  by  a  dorsal  spine  of  an  individual  of  smaller  size  than  the 
type  of  the  last  named.  It  is  less  rugose,  and  moi-e  firmly  striate,  and 
possesses  a  row  of  short  reverted  spines  in  its  posterior  groove.  The 
anterior  edge  is  furnished  with  a  finely  serrate  keel,  which  has  a  groove 
on  each  side  at  the  base.  The  section  is  oval,  the  posterior  face  not  being 
fiatteiK'd  as  in  the  last  species.  Antero-i)Osterior  diameter  near  middle 
M.  .005  ;  at  base  .00(» ;  width  behind  above  base  .006. 

Named  for  my  resiwcted  friend,  Daniel  B.  Smith,  of  Germantown  ; 
many  years  Principal  of  Ilaverford  College,  and  a  student  and  lover  of 
the  Natural  Sciences. 
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•OND  NOTICE  OF  EXTINCT  VERTEBRATES  PROM  BITTER 
CREEK,  WYOMING. 

Bt    Edward    D.    Coik.  2  0 /*r  j^ 

m«ini  bffoTt  the  Arwriean  Philoiophical  Saeietj/,  Sepl.^,  1BT2. 1 

P.VI.«O8T0I'3   TALLIDBNS.      Cope.      8p.  llOy. 

ftvpregt^nteil  by  the  dentition  of  one  maxillary  bony  with  otUer  bones 
of  ono  individual ;  a  portion  of  the  same  dentition  of  a  second  ;  witli 
b«tb  tami  of  the  niatidihlt;  with  complete  dentition  of  a  third.  Thij  spe- 
cies is  distinguished  by  the  details  of  the  dental  sti'ucture,  and  by  the 
superior  sizi^.  It  exceeds,  in  this  rcspeut,  the  Patauigap)  major,  Lcidy  ; 
while  the  three  posterior  lower  molars  meanure  4.S  inches  in  length,  the 
samp  tvcth  uf  the  present  animal  mensure  5.35  inehes.  The  last  superior 
tnolnr  of  another  specimen  measures  2  inches  in  length  ;  in  the  third  th« 
Drst  true  ntolar  is  1.5  iuoh  in  length,  while  the  last  inferior  molar  is  3.21) 
inchcBlcing.  The  pecnlinrity  in  the  structure  of  the  superior  molars  consists 
in  the  eiiatenco  of  two  strong  transverse  ridgett,  which  connect  the  inner 
tubercle  with  the  outer  crescents,  enclosing  a  pit  between  them.  These 
are  most  marked  on  tlie  premolars,  wliere  also  is  found  the  peculiarity  of 
the  Hlniust  eutir«  fusion  of  the  out«r  oreaceuts  into  o,  single  ridge.  Those 
united  crescents  are  narrower  than  in  F.  major,  and  the  summits  of  aU 
the  ci'enccnts  are  relativi^ly  more  elevated.  The  cumber  of  inner  tubercles 
is  the  same  as  iu  that  species ;  all  tlie  teeth  have  very  strong  basal  cin- 
gulH,  which  rise  up  on  the  inner  tubercle.  The  last  inferior  inolar  is 
relatively  narrower  than  in  P.  major,  «nil  the  posterior  tubercle  is  largor 
and  longer,  and  is  an  elevated  cone. 

This  species  is,  uftor  those  next  described,  the  largcE^t  mammal  of  tlie 
Wyoming  Eocene. 

LoKOLopHODON.    Cope. 
(Proceed.  Amcr.  Philos.  Soc.,  Feb.  Ill,  \f*Ti.) 

The  discovery  of  the  remains  of  nnmcrQUs  animals  of  this  genus,  eon- 
the  propriety  of  its  separation  fVnm  Batkmodiin,    The  characters  are 
fts  follows : 

Type  of  extrcratties  PnibosDidian.  Femur  withont  third  trocliaut«r, 
toes  short,  stout.  Dentition  i  I.  1  ;  G.  0 ;  P.  M.  4 ;  M.  3.  The  premax- 
Hlary  is  at  the  posterior  margin  of  that  bone,  and  is  &  large  recurved 
trencliant  tusk.  There  is  a  long  edentulous  interval  between  it  and  the 
Brst  premolar,  which  is  smaller  than  tlie  others.  These  support  an  out«r 
orescent  and  a  small  Inner  tubercle.  In  the  anterior  premolars,  the  cres- 
cent is  nearly  straight,  iu  the  posterior  more  curved.  With  use,  the  cres* 
cent  and  tubercle  wear  together  and  form  a  short  lance-head  surface. 
Tlie  crescent  is  angular,  and  occupies  the  whole  crown  in  the  molars,  and 
the  tubercle  in  small  and  not  symrriBtrically  placed.  The  toctli  ou  the 
maxillary  bone  are  remarkably  small  for  tlie  mzo  of  the  animal.  Lower 
jaw  not  observed. 

"Hie  cranium  presents  a  remarkable  appearance  on  ac«ounl  of  the  pro- 
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longation  of  the  muzzle.  In  front  of  the  zygomatic  arclios,  the  tomt  U 
compresKeil  and  roof-lUw  nbove.  Above  liie  tuaks  tlio  nazals  expand,  and 
are  produced  to  a  great  diatiu>c«,  tetminating  in  ossoous  prominiMiees. 
The  preiunxillarit's  are  also  much  produced  ;  Ihcir  anterior  i)iut  is  dender 
and  toothless  and  does  not  extend  ao  fur  as  the  nasals. 

Tlio  orbit  is  not  inclosed  belilud,  and  has  no  marked  superciliary  or 
other  margin.  Above  it,  on  each  side,  a  horn-core  is  given  oS;  the  ptit 
(liver^ng  frum  approximated  bases.     Occiput  vertical. 

Tlie  iifUuitieH  of  this  (^nus  are  iiut  close  to  uny  known,  excepting  Bath- 
moiion.  This  has  the  six  preniaxiltairieii  of  ueuoI  proportions,  at  lean 
three  ti-ue  inolftrs,  and  the  posterior  premolaw  with  three  cresoente.  The 
general  relationships  are  proboscidian,  and  nssociatod  in  some  moastlre 
with  Sj/naploihtrium,  Auefiipptidii »  and  Pwurfofoni u(. 

BcaidcH  r.he  L.  Kmieineluit,  Cope,  origiiiallf  defjciibed,  the  rowarches 
under  Prof.  Harden 's  Geological  t^urvey,  have  determined  the  existence 
uf  two  or  three  other  species  of  mndi  larger  size. 

LoxoixiPuoDOH  coHNDTtB,    Cupe. 

Kohaulut  Pornvtui.    Cope. 

Eetablished  on  portions  of  several  dkeletons,  including  one  with  femur, 
pelvis,  scatiulo,  vertebne  and  cranium.  The  latter  monsurcs about  thirty- 
four  Inches  in  length.  The  liom-<'ores  nro  very  stout  and  Hub-trlanguUr 
in  section  nt  base  and  witli  a  rudimeiital  knob  on  the  innt^r  side  ;  height 
seven  inchoH  about.  A  massive  protuliei'auce  of  a  retnrvod  lobKte 
outline  rises  on  the  anterior  margins  of  the  nasal  bones  ou  e«eh 
side.  They  meet,  leaving  an  emai^ination  iu  front,  giving  tile  naMi 
bones  a  hi-lobed  outline.  The  iliiw  bones  itre  very  wide,  the  uxpauHo  of 
hot])  together  being  fifty-four  inches.  The  centrum  of  a  sacral  vertebn 
is  four  inches  in  diiimeter. 

LoxoLoruoooN  rcncATua.    Cope. 

This  species  is  indicnted  by  portlunx  of  tlie  nasal  buncK.  1'hese  Uavv 
diflbreil  in  form  materially  from  those  of  the  L.  eirrnutui.  The  convex 
protubenuiees  seen  in  X.  earnulat  wore  here  represented  by  pruwsses  uf 
singular  form.  They  wore  compressed,  narrowed  at  the  luue,  nnd 
expanded  dii^tally  into  a  flat  spatnlnte  body.  The  whole  process  meavures 
seven  to  eight  inches  in  length,  and  three  and  a-liolf  in  width  lUstHlIy. 
The  animal  uould  not  have  been  niateriatly  smaller  than  tlie  L.  eornntui, 
LoxOLOPHonoK  TiiEBMicoHNia.    Cupe. 

EsLnblislioil  on  numerous  rumaius,  including  horn-cures  of  B]K»cles  sim- 
ilar in  ai«u  to  the  last.  Its  marked  p«culiunty,  as  first  uolicc4l,'eondsts 
in  the  L-ompresaion  of  the  hum-coniH  throughout  the  proximal  half  of 
their  length,  with  their  wore  acuminate  form,  than  In  L.  nornulut.  Tbay 
moasuiu  also  about  seven  inches  in  length. 

The  afhnities  of  these  remarkable  animals  wilt  bet  shortly  disuudsod. 

They  were  the  gigoutic  mammiUs  of  our  Boceiu>  t«riod,  I'UprtiMUtIng 
the  Elephants  and  Mastodons  of  the  Miocene,  wliich  they  oguoUed  Itt 


Tke  GBOi^nicAi.  Stroctbbb  op  Takbwei.i.  IUsbeli,  ako  Wisk 

COUKTIES,    IK    VlHUIKIA. 

Ht.  J.  I'.  Leslbv. 

{Read  before  tlit  AaterU'tn  PMloiaphinil  Sofifty,  April  '2Ut,  I8TI.1 

I  WHS  called  upon  receutlj  to  examine  n  part  of  tJic  Alleghany  Jloiin- 
tain  Rari^,  butween  tlie  New  River  (Kuimwhn)  in  Middle  Virginj.i  anil 
the  DDith  line  of  tile  State  of  Teiumsaoe,  for  Ibo  purpose  of  determining 
tlie  neai'e§t  possible  approach  to  a  workable  eoal  ru;,'ion  of  a  contemplated 
Kailwajr  from  Hai-per's  Kerry  on  the  Potomac  to  Kmixville  in  Tennctwee. 

The  gtiologiial  structure  of  this  part  of  tlie  United  States  is  so  peculiar 
tuid  MO  nearly  unknown  to  geologists,  or  ut  least  unnoticed  in  any  pub- 
lished memoirs,  that  I  liavu  taken  some  pains  to  portray  it,  biOieving  tliitt 
it  will  be  an  ticoeptable  contribution  to  the  literature  of  the  Rcienixi  and 
to  the  proceedings  of  this  Society.  The  present  paper  is,  however,  a 
TlrluMl  oontinuftlion  of  my  description  of  the  South  Virginia  Coal  region 
of  Montgomery  and  Wythe  Counties,  read  before  this  Society  in  1802, 
and  pitblislied  in  Vol,  IX  of  its  ProcevdingR,  pages  30  to  36. 

Profeswiv  William  B.  llogera.  State  (Joologist  of  Virgiiua,  is  well 
ac<|uainl<Hj,  no  doubt,  until  the  esiwiitial  faots  about  to  be  dt'soribed,  and 
probubly  has  materials  for  a  more  extensive  deaeription  of  the  central 
belt  of  the  ApiHilacliians  among  the  uuimbHsbed  aruliives  of  tins  Btnte 
Oeological  purvey  of  Virginia ;  but  I  doubt  that  any  aections  have  been 
conslrnuted  whiuli  express  more  clenrly  the  state  of  tilings  iii  a  geological 
Miiw.-,  than  tliowi  which  1  have  this  opportunity  of  making  known. 

Professor  James  M.  Safforil,  State  Geologist  of  Tennessee,  bns  studied 
the  Southern  continuation  of  the  lielt,  and  describes  it  in  his  Geology  of 
Tenmvutee,  NashviUe,  18(10.  But  tliusectionsgiven  inthatvaluable  work, 
wliii'h  lias  cost  itn  ituthor  so  much  time,  skill  and  lal>or  to  prepare,  and 
forwhicli  American  Geologists  are  roost  grateful,  are  only  adapted  fur 
geueral  dcsaription,  not  being  drawn  to  a,  natural  scale,  and  are  not  of 
use  for  the  oritioal  study  of  tbu  dynamic  problem  here  ofl'ored  to  the  eon* 
eidemtion  of  struatui-al  geologists. 

Tli>>  map  which  accompaiiitie  this  paper  was  made  to  show  the  railway 
xvenues  through  tho  region  above  named,  by  bringuig  out  clearly  its 
main  topagrapkieai  features,  [  have  colored  it  to  sliow  to  the  eye  its 
main  geolojpeal  features,  esjivcially  thuBU  duo  to  tliv  lines  of  Downthrow, 
which  are  alxo  tho  linos  of  limit  for  the  Coal  Moaeures.  I  have  confined 
the  coloring  within  narrow  limito  mo  as  not  to  obseure  the  prime  faots. 
No  distinction  is  made  therefore  between  the  Calciferous,  Trenton,  Bird^ 
cyt'.  Bla<:k  River  and  Hudson  IUvlt  fonuiitions .  uU  of  them  being  culoivd 
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Lower  Silnrian,  No«. 
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Muf,  repreeentlng  tile  iiineilone  fiilUii  formtiUi 
II  and  III  of  the  Pennsylvania  nonieucluture. 

The  Oneida  Conglomerate,  ^lutwngunk  Grit,  and  Medina  Sandstonr. 
Middle  Silurian,  No.  IV,  are  left  uncolorcd,  to  make  their  mountain 
character  more  conapicuoos.  Tlie  Upper  Snurian,  Clinton,  No.  V,  carry- 
ing the  Dyeatoue,  FosbD  Iron  Ore,  is  colored  red,  to  oateh  the  eyi',  heoaa«e 
of  its  practical  importance  for  railway  purposes,  and  because  it  is  the  rvd 
formation  of  tbe  North,  par  ezeelttnee,  althongli  it  is  nut  su  marked  in 
nature  along  its  southern  outcrops.  If  the  native  coloring  of  tbe  soil 
wore  to  govem  tlie  tinting  of  the  map  tbe  ITudRon  Itiver  slates  (No.  Ill) 
would  require  thin  pigment. 

The  Devonians  ai*  represented  by  a  Vandyke  brown  wa«b  (Nos.  Vlil, 
IX,  X),  and  the  Ooal  Measures  by  a  wusb  of  Payne'a  gray.  No  color  U 
allowed  for  No.  XI.,  wbiiili  shows  bo  prominently  on  tbe  jjscological  map 
of  Pennsylvania  in  red,  Itocausu  JtB  outcrop  i«  feeble  here  and  imf  espe- 
oiulty  red. 

The  main  features  of  the  topognipby  are  "|uite  correct  {except  uoar  it» 
eastern  end,  of  which  I  can  say  nothing)  ;  and  it  distinctly  shows  hnw 
the  mountains  are  made,  by  tho  downtbruws,  tu  run  in  pairs,  with  a  "poor 
valley"  between  each  piur,  consisting  of  Devonian  Sandstones  mid  Upper 
Silurian  shales  containing  the  Clinton,  Dyestone,  or  Fossil  Iron  Ore ;  and 
bow  tbe  pairs  are  separated  by  wider  Lower  Silurian  limestone  or  "  riab" 
valleys,  containing  tbe  villages  and  farms  uf  blue  grass  and  scattered 
and  probably  extensive  depoHits  of  Brown  Hematite  Iron  Ore,  wliioli  I 
have  not  colored. 

The  black  lines  I,  2,  3,  4,  \v.,  ahovi  where  the  vertical  geological  soo- 
tiona  in  tliia  report  are  to  be  looked  for  on  tbe  map. 

There  is  no  map  of  this  couatrj  worthy  of  the  name.  I  have  eupiwl 
tbe  State  map  and  then  changed  its  details  according  to  my  observations. 
The  geology  is  perfectly  simple,  when  one  has  tlie  key  to  it.  Tbe  key  to 
it  is  given  by  tbe  paiiing  off  of  the  mountains  along  the  Downthrows. 

I  beg^n  then  with  this  curious  and  all  important  phenomenon.  Fig.  1. 
shovni  it  in  a  purely  ideal  way  ;  but  reference  must  be  made  to  Sectiona 
1,  3,  3,  4,  &c,  for  its  tirtnal  representation  in  different  places. 
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tuid  Bboved  the  10,000  Test  of  Carboniferous,  Deronian,  and  Silurian  Form- 
»tions  over  eucb  other,  like  cakefi  of  ice  in  a  river  fronbet,  it  would  be 
ptemature  here  to  rtiscuss. 

The  coiiBequenoe  baa  been,  that  along  the  etiaight  liuus  of  these  orackit 
— lines  running  for  Hfty  or  a  hundred  miles, — tbc  rxrals  nt  the  top  of  tbe 
system  abut  against  the  IJniestunes  near  its  bottom. 

Another  consequence  has  been  that  no  coal  is  to  be  foiuiH  but  on  tl 
north  side  of  each  craelc.  The  whole  mass  of  rocks  above  the  line  A — 
has  been  removed  tit  is  needless  to  describe  the  proceui,  which  is  still 
going  on  and  can  be  studied  bj  any  observer),  so  that  the  vast  coal  tield 
which  once  covered  this  country  is  no  longer  iir  exixtence  ;  and  the  only 
remnants  of  it  left  are  long  stripes,  a  few  hundred  yiird*  wide,  running 
ftlong  the  north  lip  of  each  oraek. 

A  third,  and,equa11y  important  consequence.  ha«  been,  that 
poor  remnant  of  the  Coal-Measureis  where  it  ia  left,  consists  of  only  the 
very  lowest  bed  or  the  two  lowest  bedn  of  the  Coal  Heasurcs,  the  poorest 
of  all  the  coal  beds  of  the  system.     FifC.  2  will  show  how  this  i 


SHOWINO  THt  COAL  BEDS  LEFT  IN  THE  DOWNTHROW, 


I 


It  ia  not  until,  going  north  3(K  west,  several  such  downthrows  with 
their  comparatively  worthless  c«a]  fields  (so  to  call  them)  have  beeu 
passed,  that  the  real  coal  field  of  the  country  is  reached.  Its  southern 
edge  runs   along  a  straight  downthrow  lying  jnst  north   of  the  Clinch 

I  fiball  first  take  up  this  line  at  Guest's  River,  in  Wise  County, 
and  follow  it  northeastward,  ascending  Clinch  River ;  and  I  will  give  tee- 
tioni  c^  its  Coal  Heasures  wherever  I  studied  them. 

BloTie  Movnliiin,  which  is  the  south  border  of  the  Guest  River  Coal 
Fields,  hi  Wise  County,  is  cut  tbrovghby  Powell's  River  at  the  Big  Gap] 
Some  miles  farther  cast  its  fiumniit  is  notched  by  a  wind-gap  (Little 
Oap),  through  which  the  turnpike  from  Wire  C-ounty  Court  Honse 
(Qladesville)  to  &cott  County  Court  House  (Estillville)  passes.  The 
hvt*t  toal  bed  is  ojicned  on  the  side  of  the  road  a  quarter  of  a  mile  before 
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rea«liiiig  the  gap  ;  tbntis,  Iiigli  ii|)  the  sou(Laiiifikcciiri:hem(iuiitAiii.  Tba 
«(Kil  bed  i»  4  feet  tliick,  and  verticiti-  TIh?  liiire  of  tbe  mountain  is  n  ver- 
tical Ooiiglomerate  Sandmck.  (>n  tlie  south  fiw  of  the  mountain  are 
tXitfe  of  Liiwar  Sihiritiii  liim^stonk^.  A  l':inU.  tht-rclui-e,  runs  through  tha 
tnuunlaiu  lan^hwiae,  thus : 

No.l    SECTION    LINE  ON  THE  MAP. 


^l 


'-^:^' 


Tliis  section,  howeve  I  d  1  not  mybelT  see  but  the  information  from 
which  I  CDtwti'uct  It  was  ^'iveti  to  me  mi  clcBTly.  luid  agrees  eo  ezaotlf 
with  what  I  Haw  myself  further  eitat,  that  I  liavc  no  hasitation  in  HAsigH- 
iug  it  s,  ]jlauo  in  tliix  report,  without  eiidursiiig  it  luure  specially. 

On  tlie  west  sids  if  liueirt  River,  two  miles  Iwlow  the  mouth  of  Tom** 
Oveek,  a  tao-foot  eoitl  bed  is  miiici) ;  it  lios  nearly  lint,  under  clifla  of  Iiori- 
KOiitnl  cntiglomerate  rock.  Beluw  tills  plnce,  the  river  enters  the  cafion, 
through  wliich  it  nmlies  for  two  miles  bufori!  entering  the  Clinub  River. 
Vertical  walls  of  ooiiijlamemtc,  bnndT»dH  of  feet  higb,  Ktand  o]i|ii>slt  • 
enoh  otlier.  This  in  tlie  natural  gate  for  a  railway  line  ti>  llii-  Wiso 
County  and  Kentucky  Toal  Field. 

SECTION    Z     ON   THE    MAP. 


^SS^ 


Coal  beds  are  opened  ap  and  diown  Tom's  Onsek  and 
One  w»l  bed,  from  3  to  6  feet  thiok,  runs  tluongb  the  bases  of  all  ttu> 
hills,  uciirly  at  water  level,  and  almost  liorisontal.  It  is  mined  for^mily 
use  in  the  gnlubes  baek  of  Ouest'a  station  (an  old  log  foit,  now  a  store 
and.  althongh  half  a  milo  from  the  mouth  of  Turn's  Creek,  overflowed 
whuuevur  Ctut'st  Hiver  is  iu  high  frvaheti,  and  by  Mr,  Jcsscc,  and  fur 
sevoi-al  miles  still  hinher  up  Tom's  t'reck.  It  is  minisl  up  i.iltls  Tom'n 
Creek,  and  on  Crab 'Oruliaitl  Creek,  at.  a  fine  alx  (A)  foot  lied  of  nitlier 
bandsomu  lluming  null,  nolid  enough  to  wagon  over  rough  ruadx,  and 
JLUL   mnkiiii-  much  asbes  ui  Htiikor   in  the  grnti-.     It  is  nt  least  cqa»1  tu 
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the  geuemi  nin  or  the  Lower  CoHiI  Measure  coals  iu  the  Bituminou* 
Con)  Basins  of  the  8usquelianna  West  Braach  and  the  Conemaugh.  I 
saw  uo  otiier  beds  here  ;  but  there  must  be  othere  both  below  it  and 
above  it ;  for  the  berorementioned  two-foot  bed  ought  to  be  above  it,  »• 
the  above  section  (3)  Hhows. 

I  made  a  meaeured  section  of  one  of  these  hills,  called  Robert's  Butt 
(over  700  faet  high,  and  capped  witti  a  fniginent  of  the  gnat  oonglom- 
erate  sandrock  wluch  onoe  covered  all  the  country),  as  a  speciinen  of  tho 
barriera  which  sopai-ate  all  these  streams  from  one  another,  in  the  ooal 
Held,  and  to  show  how  impracticable  any  railroad  line  must  be  which 
does  nt>t  follovr  closely  the  great  water-courMis. 

The  following  section  up  the  side  of  Roliert's  Butl,  half  a,  mile  nortli 
of  Qnost^H  Station,  was  made  with  an  aneroid  barometer.  It  shows  tlia 
Sheep  Kook  Conglomerate  Sandstone  to  be  about  TtH)  feet  above  the 
(Newlwrry,  Robiiiut,  Orit-r,  .Ipasee,  Ac.l  Six-Foot  Coal  Bed  : 


Roecirrs  BuTT.wtsECO.vi 


At  •!»•.'  iiliii.'i'  hIkiio  tlie  bi'd  hUR  been  dug  a  little  into,  it  yields  the  best 
kind  of  bjtuiiiiiiouK  ciial,  (al  mid  caking,  but  friable,  with  no  appearanoe 
of  sulphur,  and  making  uo  clinker-  It  is  good  blacksmith -coal,  and  no 
doubt  wQ]  make  good  coke.  A  piece  of  iU-mode  coke  from  what  is,  per- 
haps, tlie  aamo  Iwd,  noar  Ulailesville,  shows  that  the  best  coke  con  be  got 

On  Itnue'i  Crtti  tliis  ci.>al  lioil  is  al»o  at  water  level  and  has  been 
mined  by  Robert  P.  Dickinson  in  the  bed  of  tlie  creek,  near  his  houa», 
and  in  d  ran  a  ijuartcr  of  a  mile  fuitlier  east,  whero  a  horizontal  gang- 
way has  been  communt'ed.  About  S-  feet  of  the  coal  is  visible ;  tho  bottom 
is  not  reached,  bein^'  iu  water.  Roof:  a  shaley  clay,  without  distinct 
plant  impressions.  Upper  part  of  the  bed  bituminous,  and  somewhat 
bony.  From  the  Hrst  12  inclieis downwanbi,  solid,  and  somewhat  likeoui- 
nel.  Coal  in  some  parts  slightly  granular,  reminding  one  of  the  sand- 
omI  of  Montgomery  Oounty-  Bottom  coal  very  good  for  blacksmlthlng ; 
makes  a  hollow  fire  ;  but  oakca  Uttio  and  goes  out  before  morning ;  not 
muoh  ashoa  ;  ashes  white ;  makes  a  yellow  blace ;  no  sulphuiet  of  iron 
visible ;    no  fowil  loaves.      Btr«ake  of  cool  through  tho  bed  abowing 


f  inhiute  discs  or  HUlpburet  of  iron  in  the  fiseurc« ;  so  tlint  an 
■Ijrsis  of  the  bed  as  a  wliole  will  givti  a  notable   percentage  of  buI- 


;  ftnd  it  will  be  extremely  difficult  to  pick  the  coal,  if  mined  e 

as  to  fiirniiib  it  free  of  sulphur.    It  is,  however,  on  the  whole,  a 
afactory  bed ;  ivud  its  harder  benches  will  bear  carriage  well. 


1 

■liWJ                                                       rAprllW. 

The  Wl  dij«  at  least 

-1^  S(iutl»wai-d  at  this  precise  plat*  ;  Imt  wA  fy 

niuuh  over  a  larger  urea, 

large  calamiteH  and  stigmarin  ulcin  impresBionH ;  ami  over  tlieso  ituaiii  a 

hhimU  coal  bed  ;  wlii<Ji  e» 

iiuut  li>^   more  than  20  feet,  if  that,  uliuvc  llin 

other  bod. 

I  niude  a  caveful  Burvey  of  Uin  hill  to  tlie  south  of  this  place,  the  num- 

mit  of  whicli  is  mode  hy  noiithJipping  con- 

/     1 

1.   ii\ 

/ 

4 

*" 

section) ;   and  founil  two  coal  beds  outcrop- 

'^CilZ—" 

ping  on  its  north  fiu.'C,  and  two  more  on  its 

""""^^^ 

BOHth  face,   desceuding    Wlietirtone  Run    t« 

' 

Clincli   Kiver.     Tliis  run  has  a  conglomi'rote 

^f 

\\ 

rocky  by  tlie  descent  of  fragments  of  rock. 

\\ 

Swtiun  No.  Son  tlie  map  i«  the  most  instmut- 

\\\ 

ive  I  could  obtain  in  this  district  of  the  region. 

\  '' 

\\\ 

and  I'eiiuires  no  explanation.     It  showH  that 

w 

the  distftDce  from  tlie  Six-Foot  Bed  up  to  tlio 

■    i     M 

Sheep  Rock  Conglomerate  w  everywhere  about 

5    r  /^ 

"(Ml  foet,  and  contains  at  least  two  coal  b««l» : 

and  tiiat  there  is  one  moi-e  coal  bed  above  tho 

-         ^1     I  \  l\ 

coiiglonierat«.     I  had  no  mcnne  of  determin- 

1     JgH^  yXfl, 

ing  tho  »we  or  quality  of  any  owe  of  theM  threa 

^  V   ll|^  \  H 

beds ;  but  they  are  all,  probably,  under  3  fijot. 

3  n  mM^   1  1  \] 

E  JI  /^jB    //# 

I  "'  /SJBH  / Jff 

ground  and  drawn  to  wale.    Tliey  enable  nift 

X  //(^|V# 

to  speak  of  only  ent.  coal  bod  ahove  Uie  Sheep 

1  '<*  »y 

road,   looking  like   two  jcoal  beds.      Further 

■    *y™//    ( 

eaHt,  as  will  be   seen,  tltis  lurd  '^\  has  several 

Z        -    (*  m/        * 

otiiere  over  it. 

i.^  i.'TI       "s  1 

The  suction  wmders  il  doiilitI\il  whetlii-r  tlio 

^  1        1* 

coal   ^ug  at   lowest  water  in  the  IkmI  of  tliu 

il      i| 

six-foot   bed.     It  looks  more  like  tlie  second 

^^               ^ 

1'. 

r 

sccti-w  is  a  little  obftoiire,  and  1  luid  no  limo 

li 

to  study  the  exact  clwnictcr  of  the  Dowo- 

^1 

1} 

Htones*  at  this  jioiiit.     It  runs  through  an  isu- 

' 

1] 

/ 

river,  as  shown  in  tho  aketcb-map  on  tlie  next 

\    / 

% 

page. 

J  / 

■QiiPiT.-Dgtl>r«'br1»i>Clnaiiaiil<'r»|i<>'  Ih.  •■Imrbm- 

1        ^'  ■    II 

lf..>nii.  ILII..UDIK'  lonina  ri»in  lb*  IVall  r 
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Tlie  map  below  will  give  a  betler  idea  than  any  verlul  (loHcriptiim  of  the 
difficult  nature  of  the  gutund  for  railroading  purpo«ca  down  Cliiioli  Val- 
ley. The  hills  are  from  SDOto  300  teat  high  and  pi'eaunt  Iwld  and  tnHRsive 
cliffs  of  Lower  8iilurictn  liiueetone  to  the  rivur. 

It  will  also  illustrate  tlie  general  law  that  the  principnl  rivers  and  large 
streams  of  this  region  of  Virginia  mii  in  the  lower  inemhei's  of  the  Lower 
Silurian  limestone  system,  as  they  habitually  do  elsewhere,  near  tlie  edge 
of  the  Freestone  Carboniferous  land.  The  causeof  this  is  evident.  The 
surface  of  the  eouutry  as  it  is  at  jiresent  has  been  produued  by  the 
removal  of  all  the  geological  formations  nliove  that  which  now  forms  tlie 
■urface.     When  tlie  Downthrows  wei*e  fii;Et  formed  the  drainage  of  the 

SKETCH    MAP  OF  CLfNCH  RIVER, 
whft  it  stnJcei  iJix.  Coal  AUttsitJts  and.  rebounds, 
at  ZieJc  Rimr. 


country  was  down  tiie  face  of  the  Cofil  Moasureit  to  the  crack  and  then 
along  the  erack  Hidcways.  This  produced  a  very  slow  erosion  of  the 
(JnnI  Measures,  because  of  their  numerous  massive  bed  of  sandstone. 
But  the  drainage  along  the  uraoks  jiroduwjd  great  erosion  into  the  faoe  of 
the  sandy  and  niagnosian  limestone  «xposed  by  it.  The  drainage  from 
above  also  produced  caverns  in  the  limestone.  Out  of  Oiese  caverns 
isHued  Ktrcams  which  swelled  the  rivers  which  ran  along  the  cracks.  The 
formations  over  the  limestone  were  worn  rapidly  away.  The  faoe  of  the 
limestone  wall  of  tliu  crack  was  worn  back.  And  so,  by  the  time  the 
pi'esent  surface  level  was  reached,  the  rivers,  which  originally  flowed  on 
tlie  Coal  Measure  side  of  the  cracks,  had  got  their  valley-bedH  fairly 
established  on  the  limestone  side  of  the  cracks ;  and,  sometime?,  at  a 
cousiderable  distance  on  that  side. 

As  the  lower  limestones  are   massive  and  very  soluble  all  the  streanis 
of  the  region  which  flow  through  them  have  extremely  rough  and  tori 
A.  p.  B.— vol..  XII.— 3k 
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ouB  valleys,  waJled  in  at  intervMs  witb  oliffs.  The  smaller  streams  heud 
up  ia  smaoth  valleys  (of  the  upper  limestones  and  slates  of  the  Lower 
Silurian  system)  adminiblj  fitted  Tor  railroad  locations.  But  nenr  their 
mouths,  where  they  oiit  rapidly  down  tlirough  the  lower  liniestoDes  to 
flow  into  tlie  urus«  Htreams,  tlieir  beds  are  full  of  jagifcd  rufks  and  their 
valleys  difiiuult  for  cheap  railronding. 

It  is  amonjg  thcxe  lower  limestones  tlmt  the  beds  of  brawn  hemaCie  iron 
orr-  lie.  For  iiistauce,  the  cliff  at  the  river  bank,  just  where  the  road 
from  the  west  aloug  the  uorth  bank  comes  to  the  ford  at  the  mouth  of 
Lick  lluu,  is  a  mass  of  aandy  limestone,  near  the  liottom  of  the  Iiower 
Silurian  ayatem.  Further  up  tlie  north  bank  of  the  river,  east  of  Lick 
Run,  Is  a  long  limestone  hill  on  wht<Oi  many  pieces  uf  the  ore  are  Huat- 
tered,  some  of  them  vei^  lar^e.  There  is  a  good  idiancc  here  for  the  ex- 
istenoe  of  a  valuable  irim-ore  deposit  on  a  large  scale.    The  ore  is  good. 

THE  COAL  VrBTIlER  BAST. 

I  mode  no  detailed  examinatiun  above  Liok  Run  for  a  good  many 
miles;  and  1  have  mentioned  in  a  Summary  Report  the  Htreams  crossed 
by  the  coal  beds  in  this  interval,  I  will  only  add  here,  that  some  of  thewi 
beds  were  reported  to  me  as  tell  (10)  feet  thirk.  The  six-foot  bed  may 
tieconie  thicker  at  points  which  I  did  not  visit  than  it  is  where  I  saw  it. 

The  "  Mouth  of  Indian"  is  a  thriving  little  village  on  the  north  bank 
•of  the  Clinch  where  it  enters  RiiBsell  County.  I  surveyed  this  neighbor- 
hood earefully,  because  the  coal  bods  here  have  been  opened  more  exten- 
sively than  elsewhere ;  because  th«y  stand  at  a  higher  angle  and  give  a 
series ;  and  becauiie  the  downthrow  is  exliibitcd  in  a  most  curions  and 
instructive  manner.  The  liver  breaks  through  limestone  just  above  In- 
-dian  Creek  mouth,  forming  blullit  citUed  the  Cedar  Blufta.  A  dam  was 
built  here  forty  yeai's  ago  out  of  red  cedar  logs  which  has  never  neodiid 
repairs.  It  is  fifteen  feet  high  and  Ixtcks  the  water  two  miles.  Middle 
'Creek  descends  from  the  north  and  enters  just  lielow  Indian  Creek. 

Up  Middle  Creek  are  the  coal  mines.     8«e  the  following  map ; 


Two  miles  fitrtlier  down  the  river.  Big  Creek  runs  acmas  the  upper  end 
■of  the  wide  and  fertile  Imttom  called  the  "  Rich  Lands,"  nt  the  ta.na  of 
Mr.  Qillespie. 

Two  miles  further  west,  a  salt  well,  354  feet  d«ep,  was  suuk  at  the 
north  edge  of  the  river  liottoui,  on  Mr.  Kendrick's  land,  twenty-two  (S9) 
years  ago,  and,  at  1)37  feut,  went    tlu'iiugb  0.7  (six  foat  aeven  IncboB)  oS 
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coal.  Bix  feet  At  the  top  of  the  well  w»s  mud.  All  the  rest  was  "Eand- 
ii>ck,"  without  coal. 

Petroleum. — There  was  enough  oil  to  grease  llie  rods.  The  well  wan 
^ugK^d  up.  Recently  the  plug  wax  knocked  out,  when/re«A  witter  spout«(l 
ttom  the  3J~inoh  hole  to  a  height  of  three  feet,  but  soon  subsided-  A  film 
of  oil  titandHon  the  water,  which  is  veiy  cold  and  too  brackiah  to  taste  per- 
fectly good,  although  cattlp  go  to  it  in  preference  to  drinking  other  water. 

Salt. — The  spot  selected  tat  the  well  had  been  a  fiunous  deer  and  buf- 
liilo  lick.  The  ground  had  been  eat«n  away  by  the  anim&lH.  Thirty  or 
forty  deer  used  to  be  seen  at  one  time  at  ttiis  lick ;  and  spoonfuls  of  salt 
could  l>e  collected.  It  must  be  borne  iu  miud  that  the  salt  wells  of  East- 
em  Kentucky  get  tlieir  water  froni  the  conglomerate  at  the  base  of  the 
Coal  Measures.  There  must,  therefore,  be  a  saltwater-bearing  formation 
several  hundred  feet  below  the  i:oal  bed  at  the  bottom  of  this  welt ;  sup- 
posing, 1,  that  it  is  the  8iK-foot  Bed  of  Wise  County ;  aad  mipposing,  2, 
that  the  Sheep  Rock  Conglomerate  Bandstone  iu  -not  the  true  Conglom- 
erate Rase  of  the  Coal  Mensures.  But  even  if  the  latter  Bupposition  be 
wrong,  and  the  Six-fooL  Bed  be  one  of  the  Sub- Conglomerate  Coal  Beds 
of  Eastern  Kentucky,  whiuh  is  quit«  a,  possible  thing,  there  remains  a 
still  lower  "Knobstone,"  or  Dcvouiau  Saltwater-bearing  Formation, 
from  which  the  salt  water  must  And  its  way  to  the  surface  through  the 
Great  Downthrow  and  cross-fissurea  connected  with  it.  Thin  Devonian 
Saltwater-bearing  Formation  is  that  which  «upphes  our  deep  salt  wells  in 
Western  Pennsylvania,  and  is  also  tht^  same  its  tlie  Petroleum-bearing 
Formation  of  Venango  County. 

THE  COALS  AT  MOUTH  of  INDIAN. 

(SteUot,  NoB  of  «irM.p,) 
Stanir  lUd^ . 


The  Six-foot  f^oal  Bed,  here,  has  Iwen  opeiieil  and  mined  for  the  use 
«f  the  neighborhood  by  Mr.  Srutt,  at  |i(l  about  I  j  miles  up  the  creek  from 
its  mouth;  and  again  at  lA)  a  ijiiarter  af  a  mile  further  up,  on  the  fijime 
south  dip.  At  both  (11  and  61  it  shows  a  disturbance  represented  in 
diagram  on  the  nest  pages. 

The  bed  is  here,  really,  but  2^  to  3  feet  thick.  It  is  covered  with  a 
plate  of  sandstone  which  is  several  feet  thick  ;  and,  although  the  pres- 
■urc  produced  by  the  Great  Downthrow,  which  nms  along  at  a  distance 
of  about  half  a  mile  due  south  of  the  locality  of  the  mhie.  has  folded  the 
«oal  bed  isi'fA  tbe  sandrock  back  upon  itself,  yet  the  sandstone  of  the 
rock,  thus  caught  in  between  the  walls  of  the  fold  of  the  coal,  is  perfectly 
aolid  and  does  not  show  the  slightest  trace  of  disturbance.  This  is  a 
atriking,  but  well-known  phononiunon-  The  coal  it«elf  is  bent  round, 
and  shows  sharp  tongues,  in  the  folil. 


( April  fl. 

At  [A)  the  name  sandrock  Ih  uquKllyfulded  and  unbroken,  ab  UiefoUotr- 
ing  flhigi'Kui  (tookiiig  in  the  upiiosito  direaticm,  i.  t.  OMt)  will  uxplatn. 

Hurt!,  nUo,  tli^  Iwd,  wliii-li  when  doubted  meoRures  5  or'fl  ftet  thick* 
i»  really  but  it  three-fiHit  bed.  Tlieri;  is  nothing,  in  flirt,  t<i  idcutify  it 
with  Iho  ■■  Six-fwf  ctml  of  Wise  Cmiiity.  Bnt  it  may  vi-iy  well  ht<  the 
0.7  coal  of  tlip  Salt  Wi'll,  tlin-i-  uiiles  diKluiit. 


It  in  opened  aguin  nt  ir)  Mtmc  liiindinil  jariitt  hi^liu  j  (I  i  nili  mil 
on  a  nori/i  dip  of  SO^.  The  C'imJWIemt«  army  nuneii  it  prutty  i^xtifw. 
nivvly.  It  is  here  thive  fttet  Uilvk,  in  t1iiv«  bciiclics  t<!i«h  a  foot  tliiuk. 
1*he  top  and  bottom  beni^hmi  ^nod,  tho  middle  benrh  bony.  Over  U  lun 
three  or  four  feet  of  Hiates,  and  then  comeH  a  one-foot  bed  of  bony  i.«al. 
The  report  goes  that  the  miners  found  thcae  twu  cihiI  bcdit  otinw  tngpthor. 
down  below  :  making  tints  one  v«ry  fair  fitur-fnol  fuil  Iw/I.  A  diaitrant 
nil  tliu  nest  page  nhuws  the  wbuitt  exposure  in  iMwJUon. 

All  this  is  not  very  eni'Oii raging  for  the  coal  trade.  But  tlic  aaiup  liod 
liaf  \tecn  opened  at  (d),  dir<.'otly  on  tlw  ani«t  of  Ihc  nntirlinal.  which  Imn. 
hen'  Kiink  (running  in  an  eniterly  direction)  to  tbe  level  of  the  i-reek.    H«n» 
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tliH  toal  lies  fiftt  ill  the  water:  aud  sevei-al  pits,  «nak  through  it,  are 
deeper  than  the  height  or  a  man.  The  bed  must  Ito  nearly,  or  quite,  aix 
reel,  and  yieWs  good  coal  las  indeed  it  does  at  the  Other  openings);  but 
what  ita  c«natitiition  may  be  I  du  not  know.  It  is  probably  Bubdividcd 
into  benclies  oF  dilTerent  tinuUtieit ;  und,  no  doubt,  has  some  of  the  slate 
oftheabove  lastxection  iiinninR  through  it.  Its  position  on  the  antidi- 
iinl  -vriU  make  miidiii;  diffinilt. 
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The  witiclmil  distuibtiui-K  jl  [?  on  -,  Mm  s  •  u  Middle  Croek  miiat  be 
tonal ;  becnuae  the  toi>ography  arnuiid  the  Salt  Well  shows  tliat  the  Coal 
Xeastiras  lh»re  ooine  up  Ui  Uie  Downthrow  in  u  flat  and  midiitturbed  win- 
■dttion  ;  and  the  dying  down  of  the  cluwu  of  the  anticlinal  in  the  BU-foot 
bed  so  rapidly  that  thu  Iwd  lies  Hat  in  the  cruuk  imly  a  few  hiiiidrtfd 
jwdK  above   whom  it  plunges   at  angles  of  40-,  Titfj  and  U(>^  proves  the 


NfVi'rtlieloBS,  the  rery  steep  dips  of  tlio  oviSrlying  coal  hetis  and  rouks 
throughout  the  body  of  8tony  Itidgo  makes  the  whole  disturbance  of  cou-. 
^derublo  mugnitude  ;  and  I  have  im  <luubt  that  when  It  ix  well  exiiniiui.il 
(o  tin  eastward,  it  wiU  be  found  to  run  in  that  direction  siiinc  miles ;  not, 
pertmpii,  as  an  anticliual  but  as  a  downthrow  ;  and  it  may  vory  well  be 
ttie  Abb's  Valley  Downthrow,  of  whivli  more  hereafter. 


Lenviug  the  curioua  topographj  of  tho  Big  Ciwnk,  Mi^illu  Cn-uk.  a-ad 
Miiuth  ut'  Indian  Downthrow  to  be  described  hereafter,  in  connection 
with  Paint  Lick  HuuDtniu  and  ite  Iron  Oi'e,  and  gcnni;  east  up  Indian 
Creek  Valley,  I  can  only  repiirt  nonl  niineK  on  Laurel  Run,  ii  Hide  branch 
L-oming  into  Indian  fr»ni  the  uorthweat.  Mr.  CliriHtiiui  has  here  opcn(<d 
several  bode,  one  of  which  in  reported  to  be  ratt^A  OMr  six  feel  thick. 
,  The  coal  is  wiigoned  to  the  county-town  of  Tazewell,  JeffeiiioiiviUe,  fifteen 
or  tieventeen  (IS  or  17)  miles  djiitant.  The  following  sketi.'h  will  show 
how  tlu3  ciinl  ootnes  out  to  markot — two  miles  to  James  Smith's,  on  the 
Daptist  Valley  Road  (beivutifiilly  ttngiiieered,  ut  low  gmdeBj,  formerly  a 
turnpike,  and  still  the  highway  between  East  Eentncky  and  Middle  Vir- 
ginia; two  miles  to  ttie  Clineh  Valley  Roiid  ;  thirteen  luiloH  by  eitlier  of 
these  two  roads  t<>  .leffereonvillc  : 


Whatthoi^liaracterof  the  Christian  Coal  IB  I  do  not  know  by  penKMuUin- 
spection ;  hnt  it  munt  cone  from  tfae  Name  hetls.  and  Im<  essentially  similar 
totheSoott  Coals,  and  also  to  the  Abb'H  Valley  Coul  next  t^ibvdesoribed. 

JuEt  east  of  the  Clinxtitui  Mines  runs  a  limestone  valley,  along  the 
south  mdc  of  the  Downthrow,  in  which  the  waters  sink  into  caverns.  It 
ia  called  "  Sinking  Waters."  Any  one  familiiir  with  Abb'a  Valley  (15 
miles  furtlier  easti  will  we  at  once,  that  the  formation  in  the  same ;  bat 
I  will  show  that  Stony  Ridge  separates  the  two  valleyH  and  tliat  the 
ooal  areas  which  I  bare  been  following  all  the  way  from  Wise  County  ar»  ■ 
cut  ol^  or  whittled  down  to  a  &i\e  point,  opposite  Jefrersonvillc.  Tho  next 
crosB-section,  No.  8,  will  show  how  this  is  done,  and  also  how  the  Abb's 
Valley  conl  beds  are  brought  down  to  tlie  iircaeiit  surface  by  qait«  a  dif- 
ferent Downthrow  from  the  one  wo  have  been  tracing  thus  tar,  all  tho 
way  from  Guest's  River  in  Wise  Couuty  ;  a  Downthrow  bfkiad  and  U> 
tlie  north  of  this  one ;  as  the  map  in  colors  will  also  help  to  show. 

The  Clinch  Valley  Downthrow,  going  east  from  Indian  f'reek,  catches 
in  its  jaws  a  loss  and  less  number  nf  beds  and  widtb  of  ooal  ground.  ui.tJI 
at  last,  on  crossing  the  great  road  Irom  Jeffersonville  north  to  Tug  Pork 
of  Handy,  it  holds  but  the  lowest  coal  bod,  standing  at  a  high  angle  and 
very  little  of  it  left. 

This  is  soon  on  tlie  Section  No.  8,  marked  Captain  Frank  Ferry's  C'oaL 
How  far  east  along  this  vvMrk  this  coal  c.in  be  traced.  I  do  not  know ; 
but  nothing  of  value  can  be  expcctwl  fhjm  it ;  which  is  a  great  pity  ;  for 
at  this  point  ea»j/  acceivi  to  the  back  country  ends. 
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To  gel  over  iuto  llie  Abb's  Yallof  Coiil  Fiekis,  two  mimnlains  must  be 
crosxed,  or,  rather  steep  stony  hUts,  coasisting  of  all  the  fomiatiomi  from 
Uie  enal  ilown  to  the  limostone ;  especially  Hanilrouka  X  jCatakiHl  anil 
IV  {Sliwaiigunk)  bcre  much  dUuiiUHlied  >d  tbicltness  ;  wliifh  accouuta  for 
the  cuinpamtive  lownesB  of  these  moimtainB  wben  compared  with  the 
high  moiintain»i  formed  by  the  inemased  outcrops  of  tlieso  formations  in 
the  Northern  States. 

The  cleop  rapid  rock;  bed  of  Mud  Fork  of  Bluuitone  lies  botvocn  the 
twu  mountains  atid  descends  uaxtward.  Wliere  the  turnpike  urossea  it 
it  is  400  feet  below  the  notch  in  tliu  creut  of  the  first  niimnbtin,  X  (skjr 
350  feet  1>elow  tbu  crest  itself) ;  nnd  350  fent  below  a  sliKbt  iiolch  in  tbtf 
orest  of  ttic  second  mountain.  IV.  This  crossing  of  Mnd  Fork  ia,  hy 
barometer,  on  a  I«vel  with  tlic  .leffersou-viUe  Court  Huusc.  and  abont  IW 
feet  higbt-T  than  the  Clinch  two  miles  east  of  Jeffei-soiivillf.  at  tbo  west 
end  of  Wolf  Creek  VaUey. 

'  (ivji  Srttian  JV,.  H.  -,.  tJir  Mii/>  ' 

SHOWING    THE   ABS'S    VALLEY    DOWNTHROW. 


The  turnpike  summit  urosain;;  thci  first  mouutain  (X)  is  300  feet  iibov» 
Captaiu  Frank  Peery's,  on  the  bead-w»t«ra  of  Clinch  (8^  miles  north  of 
Jefferson vitle).  Clinch  and  Bluestone  run  in  opposite  directions  along 
Wright's  Valley ;  Clinch  westward,  Bluestone  eastward.  The  divide 
between  them  is  about  Ij  miles  east  of  the  turnpike,  at  Prank  Peery's, 
and  say  100  feet  higher  in  level.  This  route  from  Greenbrier  to  Tazewell 
Is  feasible,  but  it  is  needless  to  try  to  get  coal  out  that  way. 
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Mud  Fork  of  Bluestone  h«!Uls  up  rapidly  wcstwai'd  of  the  turnpike, 
•ql  yet  the  valley  between  X  and  IV  must  continue  on  between  the  two 
Sfony  Itidges  from  the  very  iieocssitit's  of  the  case. 
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Abb's  Valley  in  produced  by  a  gi-eiit  upthrow  or  the  Lower  SUarian 
limcsttmi:  agi^uet  the  Coiil  Meaitiii-eg.  The  tumjiike  enters  it  almost  at 
itn  head,  or  wusteru  end,  Prom  tliu  notch  in  IV  through  which  the  I'oad 
liasxes.  to  the  Dry-water  coursu  in  tho  at-'iitro  q{  the  valley  is  a  descvut 
(t>y  liitronieter}  of  only  111)  feet.  Westward  tho  valley  rapidly  flUs  up, 
and  tlutt  is  tite  ouurse  tu  take  in  lucatiiig  a  rulroad  from  tlie  ttiinea  out  to 
JeHersonTille.  A  reasildo  route  may  be  obtained,  I  think,  by  keeping  up 
Abb's  Valley  to  and  over  its  divide,  and  down  C'avilt's  Hun  to  tho  Clinch, 
twi>  miles  neat  of  ■IclTei'sonville. 

TliB  cause  of  the  lieading  up  of  Abb's  Valley  and  Mini  Fork  Valley  so 
suddenly  westward,  and  sgiuiuit  wliat  seenui  to  be  the  main  body  of  tho 
Tug  Fork  of  Sandy  Coal  Measures,  in  a  most  interesting  and  important 
nf&ir,  which  sliould  be  investigated.  I  can  only  conjecture  it.  I  take  it 
to  be  likely  that  the  Abb'a  Valley  Upthrow  of  limestone  starts  across  the 
Measures  southwestwardly,  becoining  ItNis  and  loss  of  an  ujitlirow,  and 
thus  swallowing  down  fKim  the  s«rfac>  lirst,  the  Lower  Silurian  lime- 
st4)ues  of  Abb's  Valley,  and  then  the  sluites  and  sandstones  of  tho  two 
stony  ridges  FV  and  X;  ani  th&t  it  Dually  merges  in  the  Chnch  liiver 
Ujithrow.  At  all  oventu,  such  a  geology  woold  result  in  a  topography  uf 
lliift  sort :  The  Limestone  and  shale  valleys  would  head  up  suddenly  against 
a  ridge  composed  of  Coal  Mea8ui«a  Conglomerate  or  t^ndrocks. 

Hyailvico  is,  that  no  coal-freight  railroad  line  be  sought  for  in  the 
dii'C'tioD  takeu  by  the  JolTei-sou  anO  Tug  Sandy  Turnpike,  But,  on  the 
coTitrsry,  tliat  a  line  be  sought  further  vrost,  more  down  the  Clinch,  vix.  : 
U|i  Cavitt's  ('reek.  Let  the  uoal  beds,  tliere  be  carefully  uxploi'ed.  and  a 
line  be  found ~acro«ii  the  divides  Iwyimd  tlie  west  lino  of  Abb's  Valley. 
Ann's  VALLKV  roAi., 

Fifty  feet  Mow  tho  summit  of  the  hill,  sliown  iu  the  "Local  JUap" 
4>n  the  next  juigi;,  aud  nearly  ITiO  f«et  alHive  the  ooal  lied  at  its  basei,  la 
a  layer  of  very  coarse,  gray,  friable  sanilstone,  weathering  yellow,  with- 
out pebbles,     fiver  it  a  ti'ee  has  turned  up  a  coal  ixrop. 

The  ooal  bed  below  is,  perhaps,  the  only  workable  bed  of  this  district. 
Far.  after  descending,  at  a  slojie  of  one  or  two  (S'^t  degrees.  Koulh  30-' 
eaNt.  tlirough  tlie  base  uf  the  hill,  MiA  getting  under  water  level,  it  iieenui 
to  turu  up  suddenly  and  quite  vertically,  and  to  outcrop  along  tlio  liottom 
of  a  little  valley.  It  hiui  been  mined  a  little  close  to  the  turnpike  [hi 
and  Mr.  Smith  reports  it  to  bu  "as  wide  as  a  room." 

Tcu  miles  east  of  this,  aud  iii  u  similar  position,  a  coal  biil  Is  mined. 
wliii-h  I  Judge  to  be  the  same  one,  a.nd  it  is  called  tun  (10)  font  thick. 

Ill  the  opetiiugHat  the  foot  of  the  hill  (at  n)  it  ha«beeii  merely  thrown 
out  from  tho  water  of  the  little 
br<iok.     Mr.  Cocbraiic,  who  has  ^^^z  i 
dug  coal  all  through  this  re- 
gion, gives  ita  thickness  a 
live  feet  of  coal  tn  5j  of  spauv. 
A  dirt  bed,  four  iui^hea  thick, 
sepiirates   the    lower   bench  of 
very  lino  coal  fiijiu  tho  upper  And  trmlu  bmly  of  thn  bed. 
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This  coal  bed  is  dug  into  by  tlie  rurtn-ers,  nt  neveral  places  on  the  hill- 
Bides  of  Laura)  Fork,  from  half  a  mile  to  several  miles  north  of  Smith's 
coal.  It  is  called  six  feet  tliick.  Cooltraue  says  he  has  dug  it  nn  Laurel 
where  il  wan  good  seven  foot. 

LOCAL  MAP  OF  ABB'S   VALLEY   COAL 


CROSS  SECTION  OF  COAL  IN  HILL. 


i  SCO  ImMvl) 


The  level  of  the  coal  opening  is  [by  Imroractor)  11.1(11111!  huiiilred  and 
flfteoQ)  feet  above  Bmitli's  house  ;  wliich  house  is  135  feet  below  the 
■lu&mit  of  turnpike  crossiog,  Stony  Bidge  (No.  IV).  [See  p.  504.]  Tbi- 
coal  aiid  the  turnpike  summit  are,  therefore,  nearly  on  a  level. 

From  these  coal  outoroppingB  just  back  iif  Abb'*  Valley  the  coal  field 
*.  I-.  s,— voi^  xri.— 3i. 
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i>t  WvBt  Vir^nia  and  Eaidtem  Keutucky  vitenda,  without  a  break,  to  tbi- 
Ohio  River.  And  the  south  edge  uf  tliis  colli  Aeld  is  Uie  uortli  Mgv  at 
Abb's  Valley.  The  coal  beds  can  bo  oi»euod  anywhere  in  the  hills,  just 
nirrth  of  Abb's  Valley  ;  ami  several  low  wiudgaps,  similar  to  that  at  31 1-. 
8raith'ii,  give  the  people  or  the  valloy  acccas  to  tJie  coal  field.  But,  as  1 
bave  suid  before,  the  railway  line  wLioli  pMa«B  through  Tazewell  rauxt 
itppi'o.-ich  tlie  cool  field  from  the  west — not  from  the  south  ;  around  Ihi- 
heotl  of  Abb's  Vallo;,  from  CAvilt's  Creek.  This  nili  also  subserve  tUtt 
interests  of  luiy  railwof  projected  from  tlie  Ohio  River  up  Tug  Kork  of 
Sandy  to  JefTersonville. 
;N.  U. — I  do  not  fuel  entire  conildcnoe  in  my  geology  uf  tlio  sandatoni? 
,  lidgus  at  i^niith's, — the  ridges  which  form  the  noi'th  boundary  of  Abb'* 
Valley.    They  need  much  wore  careful  study  than  I  could  give  them.) 

THE   IRON   OSES  OP   11    Ain>   T. 

The  valleys  of  TaEowcIl  and  Itusscll,  in  Virginia,  being  geologienl,  ax 
well  lis  geographical,  ptulongatioiis  of  the  interior  limestone  valleys  uf 
Pennsylvaniu,  such  as  the  Nittany.  Morriaun'e  Cove,  and  KJshicoqutlis, 
tMntainnocesaarily  the  same  kinds  of  ore,  in  the  same  formations,  and  in  th« 
■ame  conditions.  I  mean  that  the  unbroken  ground  is  at  preneut  coven.-d 
with  patches  of  brown  hematite  "  blossom,"  just  aa  the  ground  used  to 
b«  where  our  oliarcoal  furnaces  stiLnd :  and  thai  the  color  of  th«  road  and 
field  soil  is  Che  same  as  that  of  our  best  iron  ore  banks ;  the  limestone 
rocks  project  in  the  same  st^lo,  have  the  same  internal  composition,  and 
exhibit  tlie  same  corroded  and  dissolved  surfaces ;  and  potholes,  cnvems, 
and  sinks  abound  along  certain  lines  of  ontorop.  At)  these  things  arv 
now  known  to  bear  an  intimate  relationship  with  both  tlic  original  setting 
free  uf  the  mineral  iron  fi-om  the  liroerocks,  and  its  subsequent  deposit 
and  consolidation.  And  it  seems  to  be  becoming  clear  to  our  ge^iloglsts, 
that  whUe  there  are  rogularly  stratified  beds  and  belts  of  tlie  ore  at  two 
or  three  distinct  horizons  in  the  Lower  Silurian  Limestone  Fommtton, 
which  may  be  traced  for  many  miles  along  the  strike  of  the  rocks,  there 
lire  also  vast  accumulations  of  this  biviwn  hematite  ore  along  Hnticliual 
axes,  especially  wherever  these  are  fractured ;  or  degenerate  into  pure  up- 
throw faults.  It  stands  to  reason  tliat  sucli  n  line  of  fracture,  wilh  a  high 
wall  on  one  side  of  it,  sliould,  in  tlie  course  of  tiiousands  uf  a^^es.  have 
collected  vast  quantities  of  the  peroxidizcd  iron  which  was  being,  through 
all  tliexe  ages,  set  free  in  the  slow  -dissolution  uf  the  limestones  and  the 
reduction  of  the  whole  mass  of  nphenved  country  to  lt«  present  level.  To 
eay  nothing  of  the  facility  afforded  by  such  fissures  to  the  decomposing 
and  recomposing  agency  of  dminu^  waters. 

It  is  along  the  great  uiithitiw  Assures,  then,  that  we  aie  first  to  seek  the 
'iron  or«  dui>oEits  of  this  Heetlon  of  Virginia.  And  such  a  spot  woe 
pointed  out  to  mc  near  the  month  of  Lick  Run,  on  the  hills  bordering  tbe 
nurlli  bank  of  the  Clincli  HiviM-,  bi  Uussoll  County,  at  section  lino  No.  4 
up<m  the  map.  Large  masses  or  "l>liis8om"  lie  scnttemd  iCbout  th« 
tields. 

Suuihu-  shows  of  ore  oi^ur  iu  otlier  photos.     The  liUls  southeast  of  Jef- 
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feiBonvi  lie,  just  ouUide  the  town,  sliow  the  existence  of  ore  beneath  Ihv 
BurCaoe.  Ureat  quantities  lire  repurtcil  twn  miles  east  ot  the  ti>wu  ;  and 
Still  more  abuuilnnt  exhibitioDS  in  the  cove  of  Wolf  Creek,  behind  Buck- 
bom  Ridge,  aortii  of  the  forks  of  Wolf  Creek,  nnd  oppositu  Rocky  Qup. 
tmineuse  sLotfs  !ire  reported  in  Wolf  Creek  Valley,  iiuide  of  (or  south 
of)  Rocky  Gap. 

I  have  myself  uo  doubt  of  the  correctness  of  Uieee  reports,  so  far  as 
rarfaco  (ucUibitions  are  concei-ned.  Aud  it  ia  au  old  and  good  iron  mas- 
ter's maxim,  tliat  where  there  is  plenty  of  blossom  there  will  he  plenty  of 
good  ore.  The  fa^it  is  geologically  exact.  For  the  blocks  of  ore  on  the 
nirface  of  limestone  land  (like  the  mosses  of  white  quartz  on  the  eurfaoe 
of  a  miua  statu  country)  are  tlie  uud  issoluble  parts  of  the  origiual  country 
left  behind  by  the  slow  and  imperceptible  mouIderLog  away  and 
removal  of  the  softer  material. 

A  downtlirow  Bssure,  also,  traverses  Wolf  Creek,  at  the  foot  of  Clinch 
Mountain,  as  shown  in  the  following  continuation  of  section  B,  and  thia 
fissure  brin^  the  No.  IV  eaiidiock  of  tlie  mountain  (whioli  surruutids 
Burke's  tiarden)  at  a  dip  of  30^',  down  against  the  limestone  of  the  val- 
ley. Oow  far  this  Sssuru  extends  etutward  1  do  not  know ;  but  certainly 
beyond  Rocky  Gap. 


CONTINUATION  or  SECTION  N 


FMA^JSOUTHWARD. 
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Tlicre  in  ilso  a  sharp,  broken  anticlinal  axis  running  through  tlie  vaUejr 
of  tlio  tletr  toik  ol  Wolf  Creek,  aud  thw  would  fovor  the  acoumula- 
taoii  of  iron  ore.  Another  traverses  the  cove  behind  Ruckbora  Ridge, 
onttitigit  oS'frora  Kast  River  Mountain.  It  is  on  tli is  aaticliu.il  that  the 
Wolf  Creek  Cove  oms  exhibited. 

But  there  is  anotlier  important  fact  not  to  be  lost  out  uf  view.  Through 
out  Southern  Pennsylvania,  and  as  far  eastward  (along  the  belt  of  whicli 
we  am  treating)  as  the  Lehigh  and  the  Ik'lawaro,  and  bo  on  through  New 
Jersey  in  the  one  direction,  and  through  Maryland  and  Virginia  in  the 
<rther  direction,  the  horizon  (or  formation  lovel)  of  the  bottom  of  the 
LowerSilurian  (formerly  called  "Hudson  River")  Slates,  No.  Ill,  aud  the 
t«p  of  the  Lower  SLuriau  Limestones,  No,  II,  is  a  plate  of  brown  hema- 
tite iron  ore-bearing  rocks.  Many  of  our  best  and  oldest  mines,  like  the 
BallJott  and  the  Mosetom,  between  the  Schuylkill  and  the  Ltihigli.  are  on 
Uie  outcrop  of  this  horizon,  at  the  topof  the  limestone  formation.  Wht"« 
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the  dip  is  low  and  the  slates  of  No.  Ill  are  thick,  tbia  line  runs  through 
the  middle  ol  our  limostoiie  valleys.  Where  the  dips  are  Hteep  and  the 
Slate  Formation  No.  Ill  is  not  so  thick,  the  latter  forms  the  flank  of  the 
mountain,  and  the  iron  ore  line  runs  at  the  bas«  of  the  mountain.  Where 
a  closely  folded  anticlinal  makes  the  vullej  bo  narrow  that  the  two  bases 
of  the  opposing  No.  Ill  Mountains  touch  each  other,  and  the  ridge  of  the 
limestone  formation  No.  II,  juta  up  along  the  water  course,  or  does  not 
quite  come  to  the  surface  (as  in  the  three  valleys  at  the  left  baud  sid«  of 
the  above  Section  No.  8),  the  iron  ore  deposits  must  be  abundant. 

Holding  these  simple  principles  of  structure  in  mind,  it  is  evident  that 
the  groat  iron  bearing  formation,  at  the  base  of  the  No.  Ill  Blato  Forma- 
tion, keeps  its  character  all  through  Middle  and  Southern  Virginia,  and 
will  he  as  rich  and  certain  a  basis  tor  large  iron  raining  and  iron 
smelting  operations  as  any  other  and  better  known  section  of  the  Appa- 
lachian Mountain  Belt  between  Now  York  and  Alabama. 

An  old  forge  at  the  west  end  of  Paint  Lick  Mountain  (between  Leba- 
non and  Jefferson ville)  used  this  top'timestone-horizon  ore  ;  and  I  have 
no  doubt  of  its  abundance  in  many  other  places.  It  is  more  con- 
stant and  regular  than  the  ores  further  down  and  near  the  bottom  of  the 
Limestone  Formation  No.  II.  And  these,  moreover,  are  often  swollonud 
np  to  such  a  deptli  by  the  downthrows  as  not  to  be  attainable  for  many 

It  remains  to  notice  a  quite  diHerent  variety  of  iron  ore,  which,  I  hope, 
Till  prove  sufficiently  abundant  at  a  few  points  along  your  lino  of  road. 
It  is  the  Fossil  Ore  of  V  ;  the  Faint  or  Dye-stone  Ore  of  TennoHiee. 

To  describe  tlie  situation  of  this  ore,  I  must  refer  to  the  map  accom- 
panying this  paper.  I  have  colored  Formation  No.  V,  the  red  shales  of 
the  Clinton  Group,  with  the  color  which  I  gave  it  on  tlio  State  Geological 
Map  of  Pennsylvania.  This  color,  liowever,  is  not  appropriate  to  the 
formation  in  Southern  Virginia  ;  for  the  rtd  toil  and  reOtlinh  (Upper  Sl- 
lurian)  tanditonei  which  mark  the  slope  sides  of  our  Pcnnaylvania  Moun- 
tains (of  No.  IV),  gradually  disappear  as  one  goes  south  from  the  Poto- 
mac, giving  pliuie  to  a  gray  soil  8:id  wry  slightly,  ofton  not  at  all,  red- 
dened sandstones  and  slates.  On  the  otlier  hand,  the  opposite  side  of  the 
mountain,  where  the  basset  edges  of  the  (Lower  Silurian)  slat«s  of  No. 
Ill  crop  out,  is  very  red.  A  Fennxylvanlan  geologist  Hoating  over  the 
country  in  a  balloon  would  naturally  make  the  mistake  of  just  rcvcridng 
the  geology  of  the  mountain,  and  would  descend  upon  tlie  wrong  side  of 
it  to  seek  for  the  well-known  and  highly  prised  fossil  ore  bed  of  Danville 
and  Frankstown. 

In  spite  of  this  change  of  color  in  the  formation  soils  of  the  region,  I 
have  thought  it  best  to  retain  the  red  color  for  No.  V  upon  the  map,  sue- 
lug  that  it  represents  tlie  blood-rod  color  of  the  fossil  ore  itself.  One  may 
Bue,  thtui,  by  tracing  the  lines  of  color  on  the  map,  where  thi>  fossil  ore 
bed  aught  to  be  ;  whether  it  t>o  there  or  not.  Very  extenuvo  and  costly 
explorations  have  been  nuoussary  in  Pennsylvania  and  Maryland.  No 
doubt  much  rnscarch  of  thu  same  sort  will  bo  called  for  in  Virginia.  But 
the  ore  is  there  ;  and,  as  in  Pennsylvania  and  Tennessee,  it  will  run  for 


im-j 


[LeslBj. 


mites  together  in  a  workalile  oonditiuii  as  to  size  and  pOGtiii'e,  and  prove 
a  source  of  wealth, 

The  principal  iiso  or  this  ore  in  t(i  mix  n-itli  other  vitrieUes, — with  thu 
bluD  carbonate  lean  oreu  of  tbc  Coat  Measiiri>a,  especUlly ;  but  also  witli 
tbe  inferior  grades  or  browti  liematlt«,  The  time  will  come  nbcn  it  will 
be  smelted  in  cuiinecticm  with  the  primary  ores  of  the  Blue  Ridge  Rouge 
and  Smoky  Mountfuns. 

Th(^  furf;e  wliich  stood  many  years  ugo  at  the  weet  end  of  Paint  Lick 
Mountain,  in  Russell  County,  used  tLis  ore,  and  obtained  it  from  the  suin- 
mit  of  Short  Mountain  to  the  south. 

Paint  Lick  Mountain  is  named  from  an  expoBuro  of  this  ore  on  its  sum- 
mit. The  situation  is  one  of  peculiar  interest  to  the  geologist  and  to  the 
tuitiquarian. 

CROSS  SECTION  AT  THE  ROAD  FROM  THE  CHURCH  TO  CLINCH  RIVER 
ABOVE  CEDAfi  BLUFFS;   AT  LYLE'S   GAP. 


A  cross- section,  at  the  roud  over  the  mountain,  through  a  notch  called 
Lyle's  Ijap,  will  show  the  causa  of  the  appearance  of  this  ore  iu  so  Hingn- 
lai  a  position,  It  is  confined  tn  the  very  summit  of  the  mountain  for 
aome  distance  midway  betwecTi  tlie  two  ends,  and  to  the  west  of  the  placn 
where  the  road  crosses.  Its  thickness  and  extent  is  unknown,  nor  do  T 
think  that  more  than  a  few  thousand  tons  of  it  are  to  be  expected.  The 
ore  stratum  lias  been  swept  away  from  all  other  parts  of  the  ridge  of  the 
mountain,  and  no  trace  of  it  has  been  left  upon  Dcatfin's  Mountain;  from 
PAINT  LICK   MTN.TROM  THE  SOUTH;  CLIFrs  AS  3  ORE  . 


which,  indeed,  the  great  sandrock  K'o.  lY  has  almost  disappeared,;  a  few 
house  and  bam-likc  masses  being  loft  standing  at  its  wusteru  end  in  most 
pictuiCBiiue  style.     House  and  Bam  Mountain  is  a  prolongation  of  Paint 
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Liok  aynclinal  westward  and  i«  namei)  fVom  two  maascB  or  No.  rV. 
left  ujmii  its  suiuniit,  visiblo  from  all  Uio  siiiTOiiinling  ooiuitry.  Dial 
Knoll  (Eaiit  River  MoimtaJu)  awl  Bucklmrn  Mountain  uro  prol()ii)^tlons 
of  Paint  Lick  and  Deskia'a  synclinalR,  eastward  Wyond  Jencrsoiivillc. 
and  Dial  Eaob  may  have  a  good  deal  of  TobkH  ore  left  upon  it  in  the  nove, 
behind  the  Dial  ClifTs  ;  but  Bncldiom  bos  lost  the  ore.  So  has  the  wbolc 
range  of  Rich  Houiituin,  from  Rouk;  Gup  west,  tu  Mitrns's  Knob,  wliiob 
is  terminated  b;  one  of  tlie  most  remarkoblo  cUffa  of  No.  IV  1  ever  saw 
[see  its  protlle  below).  Short  Mountain  is  a  prulongiitiou  of  Rich  Moun- 
tain westward,  broadenoil  by  a  shallow  synclinal  whiob  mast  hold  loi^ 
quantities  of  the  fossil  ore.  The  synclinal  or  House  and  Bam  Mouutain 
is  prolonged  westward  (past  Lebanou,  fur  down  Clincb  River)  a»  a  down- 
throw of  the  No.  V  Formation  against  the  litnestone  of  No.  II ;  and  all 
along  the  south  side  of  Copper  Ridgo  there  runs  a  south  dipping  plabi  of 


the  f(is«il  ore,  wliinh  has  been  opened,  in  old  times,  at  one  point,  and  used 
iu  a  uow  abandoned  forge.  There  must  be  immense  iiuantities  of  tbfl 
ore  in  this  ridge.  It  is  known  to  the  inhabitants,  however,  only  as  m 
paint.    But  this  will  be  a  sufficient  guide  to  the  iron  master. 

The  Indians  usvd  the  outcrop  of  tlic  fossil  ore  bed  to  point  thuir  fii«es 
and  lodges.  The  deposit  on  Faint  Lick  Mountains  wac  a  famous  locality 
among  the  Aborigines.  On  a  sniuoth  perpendicular  wall  of  taiulatuue, 
facing  southwurd,  and  visible  from  General  Bowen's  house  and  the 
Maiden  Spring,  there  remain  numerous  pictures  and  synibols  of  men  and 
animals  in  red  paint,  fresh  an  when  flrst  made,  and  older  tlian  the  settle- 
ment of  the  country  by  the  whites.  I  give  above  a  view  of  this  long  wall 
uf  Mindstonc  cliffa  as  I  saw  it  from  tlie  Lebanou-JctTerGon  turnpike ;  and. 
when  taken  with  the  cro^s-section,  it  will  explain  wilhout  further  nords 
both  the  structure  of  tliis  (and  other  similar  muuutains]  and  the  cauM  of 
the  small  amount  of  fossil  ore  left  upon  ila  summit,  and  the  total  disa)i- 
penntuoo  of  the  last  remains  of  tlie  ore  deponit  fr<.im  the  suniniitR  of 
House  and  Bam,  Dcsmit,  Buekliom,  and  Rich  Mountains. 

But  there  are  exttmsive  outcrops  of  Uiu  fossil  ore  of  No.  V  along  Poor 
Valley  ;  in  &ct  the  do)>a«it  I'whethcr  riek  or  not  remains  to  be  ilLuHiverwl) 
rune  un into rrupteiily  more  than  a  hiuulrad  niiloa  in  an  almost  mntJiomati- 
tmlly  straight  lino  along  the  sontU  think  of  the  Cliuuh  Mounttiio   from 
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Tennessee,  pnst  HMcasin  Gap,  b&ck  of  SaltrfllQ,  past  Sharon  Alum 
Springs,  to  Hunting  Camp  and  Eimberling  Cracks,  and  so  on,  eaNtwanI, 
across  New  River  towarilB  the  James  River  aountry.  No  iliiubt  nninu 
sections  of  this  line  hold  tlie  ore  bed  in  a  lean  and,  perhnpa,  iiuwnrkablfl 
windiljan  ;  but  it  is  quite  incredible  tlint  other  suctions  will  not  have  it 
both  thick  and  riuh. 

Now  it  is  along  tliifi  Poor  Valley  and  ila  outcrop  of  iron  ore  that  Gen, 
Haupt  locates  tlw  line  of  railway. 

Even  if  the  Clinch  Riv-er  line  be  adopted,  for  the  sake  of  the  coal  aod 
for  nUier  icasons,  a  branch  road  must  certainly  be  made  up  llunling 
Camp  Creek  to  Ibe  Plast«r  Banks,  at  Saltville :  und  this  branch  will  have 
the  am  crop  of  Poor  Valley,  and  the  ore  deposits  of  Tumbling  Hun.  nn 
top  of  Short  Mountain,  at  its  comninnd.  It  can  bring  the  fosKil  oiv  for- 
ward to  tliu  Forks  of  Wolf  Creek,  where  are  the  before  nwutioned  large 
deposits  of  brown  hematite  ore ;  awl  where  it  will  meet  the  coal  coming 
across  from  the  Clinch  Kiver.  Here,  or  somewhere  lower  down  Wolf 
Creek,  perhaps  at  its  mouth,  will  probably  be  located  one  of  the  jirinci- 
pol  fntuic  irou-works  of  Southwestern  Virginia. 

THE  PLASTEB  (CVTFSUlf)   HANKS,  AT  SA1.TT1I.I,E. 

A  sound  tiieory  of  the  origin  of  the  gypsum  can  be,  for  the  present, 
our  only  guide  to  a  correct  entimKte  of  its  quantity,  where  it  is  known  to 
exist,  and  to  its  discovery  elsewhere. 

Gypsum  may  he  produced  by  the  action  of  free  sulphuric  acid  on  lime- 
stone ;  or  by  the  action  of  siilphnrettcd  hydrogen  gas  on  limestone.  One 
or  Uie  otlier,  or  both  of  these  agents  combined,  have  acted  on  the  hme- 
ctone  mcks  along  the  banks  of  the  N.  Fork  liolston  River,  from  Saltvillc, 
eastward  for  a  number  of  miles,  converting  them  into  gypsum.  The 
a«id,  whether  In  a  fluid  or  in  a  gancous  form,  has  undoubtedly  passed 
along  between  tbo  walls  of  the  great  fissure  which  has  tlii-own  the 
Lower  Coa,l  Measures  of  the  Poor  Valley  (Little)  Mountain  l.'i,000  or 
3O,0C0  feet  down  against  the  limestones;  has  soaked  iuto  the  walls  of 
the  Uiisiire;  and  has  changed  the  limestone  to  gypsum  for  many  yards 
on  each  side  of  the  crack.  Shafts  have  been  sunk  tlirough  solid  masses 
of  gypsum  rocks  thus  formed  to  a  reported  depth  of  GOO  and  COO  feet, 
finding  no  bottom  to  the  gypsum. 

Tbestoryof  this  shafting  as  given  tome  by  General  Boweu  is  as  follows  : 
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Captain  Smith  and  lii*  son-iu-Iaw  Hr.  RoLinson  manjf  years  ago  sfvnk 
a  line  of  eLafts  across  the  (tertiary  or  pustertiarf)  plain  on  which  Salt- 
ville  HtBiidB,  and  all  nf  them  through  gypsum  all  the  uiay  doan.  Others 
nure  soak  h;  Sniitli  &  Rohinsun,  Cain)ih(?11,  Taylor  &  Bowcu,  Meik  nnd 
Dthcrs  at  other  places  in  the  UoUton  Valley  for  a  length  of  twcuty  (20) 
miles,  luoreorlttBc,  and  up  Coro  Cr«ek  four  or  five  miles  still  furtbcr  east. 
Ifoatteinptsncremadetu  got  the  plaster  farther  on  towards  Sharon  Alnin 
Bprings;  Ijut  there  is  iiotliiiig  to  intimate  its  non-existence  except  the 
absenee  of  outorops  tbroogh  the  soil.  These  outcrops  naturally  exist- 
ing, or  accidentally  ezimsed  iu  CirmiDg,  or  by  the  railroad  cuttings  south 
Mid  west  of  the  vitluge.  have  alone  (as  it  seems)  determined  tile  svarcli 
after  gypsum  in  tlie  valley.  And  a^  the  Saltville  pvople  nlonu  have  unjr 
proper  matihinery  for  sending  It  to  market,  a  stop  has  been  put  to  all 
cxplnratiOD  elsewhere. 

Moreover,  seeing  that  Capt.  Sroith  stiiivk  a  oopiona  brine  in  two  of  his 
wells,  tlie  opinion  early  prevailed  that  the  salt  and  tbo  f^ypsum  weiQ 
geologically  connected.  This  opinion  induced  a  number  of  [icrsonc  to 
sink  tnl/wir^pinimiiul^rop*  not  for  gypsum  but /ursait  waller.  AsB:iltwat«r 
was  obtained  in  no  siuglo  inatan<«  other  titan  Cai)t.  Smith's  two  wells,  nit 
hop«  uf  obtaining  brine  aud  making  salt  elsewhere  than  at  Saltville  baft 
been  long  ftiuce  abandoned  ;  and  L-onsequently  all  exploration  of  Uic  gyp- 
sum rocks,  which  had  no  coiumercial  value  to  tlie  salt-well  borei-a. 

It  is  therefore  prubablo  that  the  limestone  wall  (tbo  south  wall>  of  tb« 
IIolHton  River  Downthrow  ( Vptlirow  of  limestoHe  I  will  in  course  of  time 
be  disouvered  U)  h«  converti'd  into  gypsum  at  other  points  U^ides  those 
tpecitled  ftbove  ;  and  that  tlie  gross  quantity  of  gypsum  existing  boneatli 
the  surface  along  tbis  part  of  the  Holstvn  River  far  exceodn  any  estimate 
which  1  can  make  from  the  gypsum  hanks  ohendy  opened.  And  fur  the 
same  reaaon  it  is  probable  that  llio  limestone  walls  of  the  otber  Uptfarowa 
uf  tbe  region  will  be  found  iiuiiod  into  gypsum,  at  least  in  otirtain  plaoe*, 
and  in  very  considerable  abundance. 

Tile  appearance  of  brine  in  such  iguantity  and  of  such  strength  tnuat 
ho  oonaidered  as  a  looal  pbonomenan  explainable  without  refereuco  to  th« 
gyiismu.  Buch  3U  oxplauatiou  may  Iw  i'miod  in  tlie  very  curious  lake- 
deiioiit  of  the  Uttlo  triangular  plain  of  Saltvillr ;  a  deposit  evidently 
made  in  a  deep  little  lake  or  jiond  bnttln  tilled  with  red  mud  satiimtMl 
witli  sult-wat«r.  gyp!>uin  drainings.  Sin.,  &c.  In  this  mud  the  salt-wat«r 
has  dopofliled  Tocksalt,  and  from  this  rixiksalt  deposit  now  rirnis  thv 
eopious  disuhargo  of  brine  which  furnishes  all  tbe  supply  needfnl  for  the 
extensive  salt  works.  Tlie  salt  lies  In  solid  form,  mixed  and  intrr-strnti- 
Bed  with  compact  red  marl  or  clay,  300  feci  below  tbe  water-l»v«l  of  the 
Holstoii ;  and  tho  buringajiavo  gouc  down  (at  the  Salt  Workai  ITfl  Asot 
Airther  without  read ilng  tlie  botiom!  On  the  top  of  tlie  dcpoHlts  of  Mk 
and  mud  is  a  stratum  of  blue  slatu  mure  titan  lUO  fuel  thic^k.  Ovm  the 
blue  slate  lie  00  or  80  feet  of  gypseous  I'.lays.  The  limostone  inniiilry  being 
uavemous  to  great  di-ptlin,  and  EHpvoJally  along  the  face  of  tliu  Down- 
throw, il  is  not  surprising  to  notice  that  the  kvel  of  water  stnmb  the 
same  for  all  the  wells  and  Bliaftsviink  at  Haltvilh'  and  rises  and  falls  in  sym- 
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patby  with  the  UoisUm  River.  This  aac<rants  forthe  ineihanatible  supplyof 
liquid.  Tlie  heaviest  ptuuping  has  do  porceptible  effect  in  lowering  the  level . 

In  \ti5'i  the  salt  yield  wns 3(10,000  bushels;  50  lbs.  to  the  bushel,  and  fibush- 
«Ib  t<>  tho  barrel ;  at  SO  wtnts  a  bushel,  Five  furnaces  weru  then  miming 
34,001)  gallons  of  brine  piunped  dally  ;  10,000  cords  nfwiiod  burned  yearly. 

During  the  Civil  War,  four  wells  were  puniiied  night  and  day  for  six 
months  and  yielded  1, 000,000  bushels  of  salt  durhig  tliat  half  year. 
There  were  then  sixty-nine  different  "  bloeks  of  kettles"  goioe-  These 
kettles,  broken  and  rusty,  lie  scattered  about  the  valley  for  sis  miles, 
half  buried  in  piles  of  burnt  and  broken  down  wnlls  which  represent  the 
variouK  woi  ks  then  in  full  operation.  Some  of  tlio  salt  water  was  can-ied 
in  railway  iMiks  nine  miles  to  Glade  ^piing  Station  on  the  Virginia  and 
Tonueseee  Railroad,  and  boiled  there. 

At  present  there  are  three  "blouks,'''  of  90  kettles  eaeh,  (S  bushel  to  a 
kettle!  iier  24  hours,  making  360,000  hushels  per  yeiir,  of  800  day^ 

Picalon's  gypsum  banks  yielded  3C100  tons  in  ISM;  the  cost  at  the 
mines,  in  lump,  being  ^3,  and  in  Hour  $5  ;  eighty  miles  distftnt  $20. 

What  tllv  yield  han  been  since  and  what  it  is  now,  1  do  not  know.  0|ie- 
rations  are  vigorously  carried  on  at  four  or  five  shafts.  Plaster  is  now 
sold  at  the  miues  for  $2.50  the  ton ;  at  Sharon  Alum  Springs,  35  miles  to 
the  eastward,  at  #10,  in  wagons ;  and  is  carried  forty  miles  fnrther  east 
for  use  upon  the  soil.  Its  virtucit  are  well  known  and  highly  prized.  It 
doublf-t  the  grass  crop  and  grain,  and  greatly  improves  eoni.  One  bushel 
of  lUO  pounds  is  sown  to  the  aore. 

A  railway  from  Saltville  east  would  find  a  market  for  all  the  phvstcr  it 
carried.  Plaster  would  go  east  to  the  Wolf  Creek  Fork  Junction,  and  re- 
turn by  tho  other  line  to  be  used  on  the  postui'e  lands  of  Tazewell  and 
Busscll  and  Wise  Counties.  But  Its  greatest  eommurvial  outlet  would  be 
towards  i^tniuiton  oud  Winchester. 

Although  Uie  gypsum  rocks  have  nut  the  regularity  of  a  coal  bed,  and 
Buiue  difftoulties,  of  a  kind  peculiiir  to  this  district  wUl  be  cucount^red 
when  mining  operations  are  extended  to  oope  with  the  demands  of  com- 
merce along  a  great  trunk  railroad,  yet  I  sec  no  jiraclical  liuiit  to  the 
capacity  of  the  gypsum  Iwlt  for  oxplnratiou.  Shafts  five  and  six  hun- 
dred feet  deep  have  permitted  tlie  miners  to  feel  the  gypsum  masses  for 
llfty  yards  in  width.  Such  a  mass,  limited  by  such  a  shaft,  weighs  six  or 
seven  hundred  tliousand  tons,  provided  the  gypsum  bo  solid  the  entire 
depth  of  tliB  Khaft,  &o.,  &c.  Tliis  is  not  the  case  ;  neither,  on  the  other 
hauil,  is  the  width  at  tlie  colunm  of  gypwim  limilud  t«  fifty  yards,  or  to 
any  otiier  flguro.  Notliing  can  be  more  irregular  tliau  the  masses  of  gyp- 
sum underground — unless  It  be  the  couriie  to  he  taken  to  get  it  out  to  the 
nwface.  In  spitu  of  all  mining  difficulties  tlie  value  and  scarcity  of 
tlte  mineral  in  all  other  parts  nftbe  country  must  make  itMminIng  in  this 
diHtrict  always  extremely  prutitahlc,  and  its  railway  carriage  c>ver  long  liia- 
auoes  inevitable.  It  must  always  be  in  demand ;  can  always  pay  a  high 
freight  charge,  aud  carmot  meet  with  competition  fiom  the  Nova  Scotia 
plastoruntilitarriveswithinahundrcri  miles orsoortldewatt'r.  Westward 
and»outhwarditm.'iyj;olivi- hundred  niilus  without  meeting  competition. 
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Stated  Meeting,  Sept.  20, 1872. 

Present,  nine  members. 

Vice  President,  Mr.  Fraley,  in  the  Chair. 

A  Photograph  was  received  from  Mr.  A.  H.  Worthen, 
dated,  Springfield,  111.,  August  31,1872. 

Letters  of  acknowledgment  were  received  from  the  Con- 
gressional Librarian,  Sept.  5th  (Proc.  Vol.  1.  Catalogue 
L,  IL),  the  Boston  N.  H.  S.,  May  15th  (XIV.,  5ii.  86, 87,)  and 
the  London  Geological  Society  (XIV.,  iii.  86.) 

A  letter  of  envoy  was  received  from  the  New  York  State 
Library,  dated  August  30. 

A  letter  describing  the  Museums  and  Libraries  of  Ox- 
ford, England,  was  received  from  Mr.  W.  A.  Smith,  Pro- 
fessor of  Moral  Philosophy  in  Columbia,  Tennessee,  Athen- 
aeum, dated,  Sept.  14th,  1872. 

A  letter  was  received  from  D.  C.  H.  Stubbs,  dated  July 
8th,  1872,  respecting  the  purchase  of  copies  of  Photographs 
of  Indian  Sculpture.  On  motion  the  Secretary  of  the  even- 
ing was  authorized  to  purchase  a  set  after  due  examination 
of  their  value. 

Donations  for  the  Library  were  received  from  the  Horti- 
cultural Society  in  Berlin,  the  Prussian  Academy,  the 
Observatory  at  Turin,  the  Geogmphical  Society,  Revue  Poli- 
tique, and  Lartet  family  at  Paris,  the  Edinburg  Observatory, 
the  Meteorological  Office  in  London,  Xature,  the  Canadian 
Xaturalist,  P]ssex  Institute,  Old  and  New,  Dr.  S.  A.  Green  of 
Boston,  American  Antiquarian  Society,  American  Journal  of 
Science,  and  Professor  0.  C.  Marsh  of  New  Ilaven,  American 
Chemist,  Mr.  AV.  W.  Mann,  the  Dudley  Observatory,  New 
York  State  Library,  N.  J.  Historical  Society,  Franklin 
Institute,  Medical  News,  Journal  of  Pharmacy,  and  Prof. 
Edwin  J.  Houston  of  Philadelphia,  the  Petroleum  Monthly, 
the  U.  S.  Observatory,  Bureau  of  the  Interior,  Prof.  F.  L.  O. 
Rohrig,  the  Smithsonian  Institution,  Bureau  of  U.  S.  En- 
gineers, and  the  Wisconsin  Historical  Society. 

The  death   of  Mr.  Jacob  R.  Eckfeld  at  Haverford,  near 
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Philadelphia,  August  9th,  aged  70,  was  announced  with 
appropriate  remarks  by  Mr.  Patterson. 

On  motion,  Mr.  Dubois  was  appointed  to  prepare  an 
obituary  notice  of  the  deceased. 

The  death  of  Dr.  John  Bell  of  Philadelphia,  August  19th, 
aged  77,  was  announced  by  the  Secretary. 

On  motion,  Dr.  B.  H.  Coates  wa.s  appointed  to  prepare  an 
obituary  notice  of  the  deceased. 

Communications  were  received  from  Prof.  R  D.  Coi)e 
under  the  following  titles : 

Third  account  of  New  Vertebrata  from  the  Bridojer  Eocene 
of  Wyoming  Territory. 

Notices  of  New  Vertebrata  from  the  upper  waters  of 
Bitter  Creek,  Wyoming  Territory. 

Second  notice  of  Extinct  Vertebrates  from  Bitter  Creek, 
Wyoming  Territory. 

On  the  existence  of  Dinosauria  in  the  Transition  beds  of 
Wyoming  Territory. 

On  the  Dentition  of  Metalophodon. 

The  Secretary  announced  that  he  had  received  a  telegram 
from  Prof.  Cope,  dated  Black  Buttes,  Wyoming  Ten*itory, 
August  17th,  announcing  the  discovery  of  Lefalophodon 
dicojnutus,  bifurcatus,  and  excressicornis.  Cope. 

Prof.  Edwin  J.  Houston  called  the  attention  of  tlie  Society 
to  a  remarkable  instance  of  the  acoustic  sensitiveness  of 
matter.  "While  visiting  a  number ot  water-falls  on  Adam's 
Brook,  Pike  Co.,  Pennsylvania,  I  noticed  one  in  which  a 
scanty  supply  of  water  was  dripping,  in  thin  delicate  streams, 
from  the  moss  covered  walls  of  a  precipice.  The  day  was 
unusually  calm,  and  the  veins  were  remarkably  free  from 
ventral  segments  for  a  considerable  distance  from  the  fihx- 
ments  of  moss  from  which  they  issued.  Struck  with  this 
circumstance  the  idea  occurred  to  me  to  test  the  sensitive- 
ness of  the  stream  to  sound  pulses.  I  made  the  attempt,  and 
after  several  trials  found  a  note,  a  shrill  falsetto,  to  which 
they  would  respond. 

The  experiment  was  one  of  extreme  beauty.  At  one  point 
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of  the  falls,  there  were  no  less  than  one  hundred  of  these 
streams,  and  on  sounding  the  required  note  the  groupings 
of  the  drops  and  the  positions  of  the  ventral  segments  in- 
stantly altered  in  quite  a  marvellous  manner.  This  case  of 
acoustic  sensitiveness  is  one  of  the  most  extensive  I  have 
ever  noticed. 

A  second  fall  was  found  that  would  respond  to  certain 
notes,  though  it  was  not  equal  to  the  first  in  sensitiveness. 

Though  not  able,  from  a  sudden  flooding  of  the  streams, 
to  discover  the  exact  conditions  for  success,  I  believe  the 
explanation  of  the  phenomenon  to  be  the  same  as  that  now 
generally  given  for  sensitive  smoke  and  water  jets,  viz:  that 
the  sound  pulses  produce  a  vibration  of  the  orifice  of  the  jet, 
by  which  the  constitution  of  its  issuing  stream  is  altered. 
The  orifice  in  the  case  is  replaced  by  the  thin  moss  filaments, 
which  are  surrounded  by  the  stream  instead  of  surrounding 
it.  From  their  shape  and  position  their  filaments,  acting  as 
reeds,  readily  accept  the  motion  of  the  sound  waves  and  so 
alter  the  constitution  of  the  vein." 

Prof.  Chase  communicated  observations  on  Daily  Auroral 
and  Meteoric  Means,  and  on  some  new  correlations  of  stellar 
and  Planet  a  rv  distances. 

Mr.  Lesley  described  a  newly  observed  terminal  moraine 
crossing  the  Walkill  Valley  at  Ogdeusburg  near  Franklin, 
Essex  county,  New  Jersey. 

Pending  nominations,  Nos.  697  to  701  and  new  nomina- 
tion Xo.  702  were  read. 

The  meeting  was  then  adjourned. 

DAILY  AURORAL  AND  METEORIC  MEANS. 
By  Pliny  Earlk  Chase. 

{Read  before  the  American  PhiloHop/tical  Society,  Sept.  20,  1872.) 

The  apparent  influence  of  meteoric  faUs  upon  auroras,  which  is  indi- 
cated by  the  live-day  means,  {ante  p.  402),  renders  more  minute  observa- 
tions desirabks  in  order  to  ascertain  to  what  extent  a  simihir  influence 
may  be  traceable  in  the  daily  means. 

The  only  available  observations  that  have  fallen  under  my  notice, 
from  >diich  any  satisfactory  approximation  can  be  made  to  the  daily 
meteoric  curve,  are  embodied  in  Baumhauer's  table  of  the  recurrences  of 
meteoric  stones  and  fire-balls,  quoted  by  Lovering,  ("on  the  Periodicity 
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of  the  Aurora  Borealis,''  p.  220).  Lovering  observes  that  the  days  sig- 
nalized by  the  frequency  of  these  phenomena  are  also  days  which,  accord- 
ing to  Quetelet,  are  distinguished  by  extraordinary  numbers  of  shooting 
stars.  I  have  grouped  the  second  means  of  Baumhauer^s  numbers  in 
five-day  periods,  and  calculated  the  ratio  of  each  ordinate  to  a  mean  or- 
dinate of  100,  in  order  to  justify  the  following  comparison  with  the  auroral 
ordiuates,  which  were  similarly  computed  from  Lovering's  table. 

Five-Day  Auroral  and  Meteoric  Normals. 

(A.— Auroral,  Lovering.     M. —Meteoric,  Baumhauer.) 
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In  each  curve  there  is  a  tendency  to  monthly  maxima,  the  tendency  be- 
ing least  evident  in  the  summer  months. 

The  principal  minimum  in  each  curve  is  in  June. 

There  are  nine  marked  maxima  in  each  curve,  of  which  those  in  the 
months  of  January,  February,  March,  April,  September,  October  and 
November,  are  the  most  nearly  accordant.     These  maxima  are  as  follows  : 

A.  Jan.  13.    Feb.  23.   Mar.  16.   Apr.  13 July  7 Sept.  25. 

Oct.  20.  Nov.  14.  Dec  14. 

M.  Jan.  8.  Feb.  7.   Mar.  9.    Apr.  8.    May  18 Aug.  6.   Sept  10. 

Oct.  20.  Nov.  14 

Two  of  the  maxima  are  synchronous  in  the  two  curves  ;  three  occur  in 
the  auroral  ordinate  which  follows  the  meteoric  ordinate  ;  two  occur  in 
the  third  subsequent  ordinate,  one  of  the  two  being  midway  between  a 
precedent  and  subsequent  meteoric  ordinate.  The  accordances  and  the 
discrepancies  may  perhaps  be  explained  by  the  hypothesis  of  lunar  per- 
turbations. 

The  daily  curves  present  a  similar  accordance  in  the  number  o^ 
maxima  and  minima,  but  in  consequence  of  the  frequent  uncertainty 
whether  the  auroi-al  or  the  meteoric  should  be  regarded  as  the  precedent 
influence,  they  do  not  seem  to  furnish  any  additional  data  for  satisfactory 
conclusions. 

By  variously  grouping  the  auroral  observations  on  each  side  of  the 
days  that  have  been  designated  by  Wolfe  and  Kirkwood  as  rich  in  meteoric 
displays,  or  on  each  side  of  the  middle  days  of  meteoric  periods,  a  variety 
of  curves  may  be  formed,  of  which  the  three  following  sets  of  ordinates 
furnish  examples : 

Days.  —7  —6—5—4—3—2—1    0     -f  1  +2  H  3  -h4  -f  5  -h6  -f  7 

a  100    99  100  102  104  106  106  104  103  105  107  108  106  101     99 

^  99    99    97    97    97    99  101  101  100  101  102  102  104  104  102 

Y  103  102  101     98    97    98    98    99  101  101  101  103  105  101     98 

These  curves  indicate  a  connection  of  meteoric  displays  with  increasing 
auroral  displays,  together  with  a  slight  subordinate  tendency  to  auroral 
maxima  within  one  day  of  a  meteoric  display. 

Although  the  lethcreal  disturbance,  which  is  manifested  by  the  auroras, 
appears  to  follow,  more  often  than  it  precedes,  meteoric  falls,  it  seems 
probable  that  both  phenomena  are  often  dependent  upon  lunar  pertur- 
bations or  other  extraneous  causes.  In  such  cases,  the  auroras  may  be- 
come visible  before  the  meteors  have  reached  the  earth's  atmosphere,  and 
been  made  incandescent  by  friction, 

STELLAR  AND  PLANETARY  CORRELATIONS. 
By  Prof.  Pliny  Eaulk  Cuabb. 

(Eead  before  the  American  Philosophical  Society^  Sept,  20,  1872.) 
Mercury's  mean  distance  may  be  grouped  with  tlie  mean  distances  of 
other  primary  planets,  so  as  to  form  the  two  following  series  :* 

*  In  each  tabic,  C  donotoH  the  logarithm  of  the  computed  value:  0,  the  loffitrithm  of  th«  ob- 
served valu**;  b.  the  piTcoutuge  of  error  in  the  computed  value  j  L.  the  limit  of  retardation  by 
Bolar  rutuiiuii  and  of  posNible  Holar  atmoaphero;  M.  moduluN  ot  light.  Tho  fundamental  nnit 
is  tho  huiim'h  radiua.  The  origin  of  the  oo-ordinateM  is  takeu  at  the  interaection  of  ihe  axis  and 
the  directrix. 
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(I.) 
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Vl  3.297820    3.311651    —.032 
tp  3.816728    3.809811     +.016 

If  the  limiting  radius  of  solar  retardation  (L  —36.4,  see  ante^  p.  415)  be 
regarded  as  also  a  limit  of  explosive  oscillation,  and  if  radii  terminating 
in  the  cardinal  points  of  the  explosive  excursion  (I,  {,  l,  i,  |,  J,  |)  be 
employed  for  determining  a  parabolic  series,  the  mean  distances  of 
Venus,  Earth,  and  Jupiter,  will  be  represented  by  succeeding  abscissae 
of  the  same  series,  as  in  Table  III. 
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If  the  determining 

series  be  modified  by  substituting 
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L,  andem- 
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ining  abscissa,  Mercury' 

s  perihelion 
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and  aphelion,  and  the  mean  distances  of  Venus,  Mars  and  Jupiter,  will 
be  represented  by  succeeding  abscissas  of  the  same  series,  as  in  table  lY. 
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.057 

i  " 

1.696553 

1.686040 

-f.025 

Si 

1.858150 

1.850507 

-f.018 

Sn 

2.021699 

2.021443 

+.000 

9 

2.187200 

2.191493 

.010 

9e* 

2.354653 

2.353070 

-f.004 

d 

2.524058 
2.695415 
2.868724 

2.513999 

+.023 

% 

3.043985 

3.048392 

.010 

S-W+ 

3.221138 

3.211038 

+.024 

In  a  communication  which  I  presented  to  the  Society,  May  16th,  1872, 
I  indicated  some  simple  relations  between  the  superficial  gravity  and  the 
times  of  rotation  of  the  Sun,  Jupiter  and  the  Earth.  If  those  relations 
are,  as  I  believe,  determined  by  an  influent  force,  we  may  reasonably  look 
for  some  analogous  relations  b3tween  our  own  and  other  stellar  systems. 

In  the  solar-focal  parabola  which  passes  through  a  Centauri  and  has 
its  directrix  in  a  linear  centre  of  oscillation  of  a  solar  diameter,  twenty- 
seven    successive    abscissas    may    be    taken    in    regular    progression, 

\  I    ^     .(n»)--(n>), («')-. 
L    n  —  ••  V  *         J 

between  the  star  and  the  Sun's  surface,  nine  of  which  will  be  extra 
planetary,  nine  will  be  in  simple  planetary  relations,  and  nine  will  be 
intra-planetary. 

The  upper  extra-planetary  abscissa  bears  nearly  the  same  ratio  to  the 
modulus  of  light,  as  L  bears  to  solar  radius. 

The  limiting  abscissas  of  the  planetary  series  are  determined  by  com- 
bining diametral  centres  of  oscillation  (2X|)»  with  centres  of  explosive 
condensation  (5),  and  of  explosive  oscillation  (J). 

The  planetary  series,  between  these  limits,  is  J  9»  i  ©»  J  ^»  J  mean 
asteroid,  5  :/,  ?  1?»  i  :^- 

•  Mean  centre  of  gravity  of  ^  and  0  at  heliocentric  conjunction. 

t  Mean  centre  of  erravity  of  all  the  planets,  at  heliocentric  coujunctioo. 
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Tfae  oii'cQicient  of  the  inner  limiting'  pl&netary  abscissa  (}  X  i  S  )  "■ 
nearly  equivalent  to  tbe  ctvelHcient  of  the  exterior  intra-itateroidal  ali- 
Mbtsad  I.). 

The  eo-elEoient  of  the  outer  plaiietarjr  absoisBU  ((  X  J  1^)  i*  nearly  tbe 
rtwiprocttloftlieco-efficieiit  of  the  inuerezto«-ii8teroidal  abscissa  (J  2/1. 

The  middle  absotHEa  of  tlie  planetary  nerioR  correBponds  very  nearlywiOi 
the  imier  limit  of  the  asteroidal  belt  (Flora  —  3.6748.14),  as  well  as  witlt 
I  of  the  meaa  distance  of  tbe  throe  {irinrJpal  central  asteroids  (3.eT35l9>, 
and  with  I  of  the  geometrical  mean  between  Flora  and  Cybele(3.(183lMI):. 
Between  modulus  and  the  influent  centre  of  soUr  explosive  Qw;illati«ii 
(t  L)  there  are  fifteen  abscissas,  of  which  f  I;  is  the  middle  one. 

Between  tbe  Satumian  abscissa  and  {n  there  are  fifteen  abscissas,  u1 
whicli  i  J.  is  the  middle  one. 

The  abscissas  repi-esenting  centres  of  effluent  or  influent  explosive 
condensation  (J  H  and  i  L),  itre  uimilarly  situated  with  reference  to  the 
intermediate  planetary  belt. 

No  probable  values  can  be  assigned  to  the  cardinal  abscisBas  (^  Centauri 
and  {  Li,  which  will  produeu  deviations  of  the  tbeoi'etical  from  the  ob- 
served values  of  a  higher  urder  of  magnitude  than  the  planetary  ecuen- 
tricities. 

Rendorson's  first  estimate  of  the  parallax  of  u  Centauri  was  I'MII. 
Uaclear's  observations,  in  1830-40,  gave  ".61SS,  and  liis  more  extended 
series,  IwaiMS,  gave  ".9187.  Norton  adopU  ".913;  Lockyer,  ".9187: 
Denison.  without  assigning  any  reason,  ".970.  We  may  reasonably  re- 
gard Niii'ton'H  and  Denison's  estimates  as  tiie  liraits  of  probable  vaine, 
and  compute  the  l<^arithraic  t,  and  ;  from  each  estimate  bj  the  following 
equallons, 

f  +  SOr,  +400:  — 7,680000  (N),  or  7.fl5709fi  (D) 
;_[L  — 1.208919. 

:—^r,  -f-L-'  : 1.221849 


Solving  these  equations  we  obtain : 

,  —  .211401  +,  or  .310702  ^ 

-  —  .005«33  +,  or  .005585  -|- 


In  the  following  table,  C  contairiB  the  abscissas  according  to  Nor- 
ton ;  ('",  according  to  Denison;  C"',  according  to  the  actual  planetary 
mean  distiinoes.  The  degree  of  accordance,  between  the  parabolas  which 
are  uumputed  from  etellar  and  solar  data  and  the  one  which  is  computed 
ttora  planotury  data,  and  the  evidences  of  lothereal  oundensation  which 
aro  furuisljed  by  the  gradual  lengtliening  of  the  observed  abscissas,  are 
wpecially  noteworthy. 
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(V.) 
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c 

C" 

C" 

O 

a  Cent 

.  7.686009 

7.657096 

7.654826 

LXM 

7.256323 

7.228566 

7.218310 

7.215770 

6.835882 

6.811207 

6.801940 

6.427687 

6.405019 

6.396716 

6.030788 

6.010001 

6.002688 

}M 

5.645034 

5.626153 

5.619706 

5.627715 

5.270576 

5.273476 

5.247920 

4.907363 

4.891970 

4.887280 

4.555395 

4.541654 

4.537786 

4.214673 

4.202470 

4.199488 

IXSW 

3.885196 

8.874475 

8.872236 

3.883597 

JS 

3.566964 

3.557651 

3.556180 

3.557071 

? »? 

3.259978 

3.251999 

3.251270 

3.244704 

iV 

2.964287 

2.957515 

2.957506 

2.969211 

J* 

2.679741 

2.674204 

2.674888 

2,672519 

3S 

2.406491 

2.402063 

2.403416 

2.889060 

ie 

2.144486 

2.141093 

2.143090 

2.156064 

i9 

1.893726 

1.891294 

1.893910 

1.890463 

JX5  S 

1.654212 

1.652665 

1.655876 

1.648972 

1.425943 

1.425207 

1.428988 

JL 

1.208919 

1.208919 

1.213246 

1.208919 

1.003140 

1.003802 

1.008650 

.808607 

.809856 

.815200 

il> 

.625319 

.627081 

.632896 

.606858 

.453276 

.455477 

.461788 

.292479 

.295042 

.301726 

.142927 

.145779 

.152860 

.004620 

.007686 

.015140 

i 

-1.877559 

-1.880764 

-1.888566 

-1.890856 

-1.761748 

-1.765013 

-1.773138 

-1.657172 

-1.660432 

-1.668856 

• 

-1.563847 

-1.567023 

-1.575720 

-1.481767 

-1.484783 

-1.493730 

-1.410932 

-1.413714 

-1.422886 

-1.351343 

-1.353816 

-1.363188 

i 

-1.303000 

-1.305089 

-1.314636 

-1.301030 

-1.265902 

-1.267532 

-1.277230 

-1.240049 

-1.241146 

-1.260970 

-1.225441 

-1.225931 

-1.235856 

-1.222078 

-1.221886 

-1.231888 

-1.229961,  &c. 

-1.229011,  &c. 

.  -1.239066,  &c. 

CYCLICAL  RAINFALL  AT  SAN  PBANCISCO. 
Bt  Pukt  Earle  Chase,  PitoFKsMtit  iif  Pbtsics  in  HAVBRriiiin 

C'OI.I.BGE. 

iRfad  hrfme  Hit  Amtrinin  fhiloiophtfal  Sof.ieln,  July  lOM  und  Oelohrr 

Although  I  know  of  no  jjoiiil  reaBoii  Tor  admitting;  that  tlio  queistimi, 
wliHthcr  the  raoon  exerts  an  iiiDucucG  upon  the  wenther,  is  still  an  open 
one.  there  is.  undoubtetlly.  coneulBrahl*  uncertainty  us  to  the  value  of  any 
pr^ictions  that  may  be  based  upon  such  influenre,  hnble,  as  it  is,  to  local. 
accidental  and  rariable  disturbances,  partly  of  a  known  and  partly  uf  mi 
unknown  character.  Oit  thin  account,  I  think  it  desirable  to  collect  und 
discuss  all  accessible  records  of  observations  extending  over  a  periofi  of 
ten  or  more  yenrs,  oHitecially  in  the  neigbborliood  of  sea-coastH  and  kirge 
Imdies  of  water,  in  order  to  find  how  the  lunar  weather-curves  are  moditled 
liy  tlio  forms  of  continental  relief,  the  average  hygrometric  condition  of 
the  air,  the  changes  of  wind,  and  otbe'r  obvious  or  more  obscure  sources 
nf  perturbation.    I  am  willing-  to  devote  ail  tbe  time  I  can  spare  from 

TABLE   1. 
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daily  duties,  to  iticli  invcutigiilions  j  but  llie  flelil  i«  no  large  tbat  I  would 
(gladly  welntme  thu  co-operation  of  all  wUo  may  Tuvl  an  iDtvrwt  in  BtiidicK 
that  prvmiBe  new  anil  antiafnctory  r«Bult«  as  »  reward  Titr  dili^nt  Ubnr. 

The  success  of  tlie  Signal  S«rvic«  BDii>au*  hat  deinonstraked  tlie  ini- 
(KtrUuicu  of  careful  attention  to  the  moHt  minutn  iiidioatiom  of  (Hnsildr 
law.  and  tlie  indiienue  of  ttie  iihyaica!  g«0}{ro|)liy  of  our  conl.iuonl  u|ion 
llie  wiwllier  has  b«en  so  well  asoertnined  that  we  may  re  isoiiably  Uuj* 
fur  similar  nuccess  from  a  like  careful  study  of  astro  Domical  influenctw. 
The  well-known  tendency  to  weeldy  meteorolo^cal  cycli^a  has  never  bet^ii 
Httrihuted  to  nny  mure  obvious  or  probnble  cause  than  lunar  modificritiniw 
iif  solar  action,  and  such  evidences  of  cyclical  uniformity  as  linvv  already 
reworded  my  limited  resenrclics,  en«oumge  mi?  toliopu  that  muub  of  tin- 
apparent  discordance  and  supposed  accidental  irregularity,  by  wliich 
■netoorologists  are  still  iierplesed,  will  lie  Iin»lly  shown,  by  broad  Kent"r*U- 
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uttions,  to  b«  ae  completely  i^ubject  to  &8cert&iiiiible  laws  as  are  tlie  n>i>- 
tions  of  the  bosvoiily  bodies. 

About  !i  year  agn,  I  sliuwed,  by  my  dUcussionsor  the  Lisbon  rainfall 
(anU  pp.  173-11)0),  that  it  i«  postiJblQ,  uudiir  favorable  oirouniBtituoos,  tu 
obtain  ealisfactory  evidence  of  lunar  InHuonee  upon  tbe  weatlier,  even 
from  a  comparison  of  the  rainfall  in  different  uycles  of  less  than  six 
jrenrs'  averAgc  duration.  My  subsequent  discussion  of  the  monthly 
mtiaiis  of  Tennent's  Ban  Francisco  observations  (Journal  of  Cite  Franklin 
Inntltute,  Ixiii.  204-6),  led  me  to  Iiaia.rd  certain  predictians  relative  to  the 
tidal  rains  on  the  oppoaile  shores  of  continents,  and  the  inlluence  of 
ujiposite  winds,  or  of  upper  and  lower  tidal  currents.  Mr.  Tenneut  ha* 
f-cnerously  furnished  me  a  copy  of  his  daily  otiservations  on  the  rainfall, 
wbicli  so  fully  ciirruborut«  the  llrst  nnd  third  of  those  predictions,  that  1 
Iiope  to  obtjtin  from  him  an  equally  complete  record  of  the  direction  of 
the  wind,  in  ordor  to  have  tlie  requisite  data  for  similarly  testing  the 
other  two.  Unveroor  Rawann  W.  Rawson,  C.  B.,  has  also  kindly  con- 
sented to  provide  me  with  a  transci-ipt  of  observations  at  Barbados,  a  sta- 
tion withiu  tlie  belt  of  the  trade  winds,  and,  therefore,  favorably  situated 
for  such  oompansons  with  the  San  Francisco  observations  as  may  serve 
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to Btrcngthen  the  iurareuces  which  1  havu  already  publitshed,  s 
hiipB,  supplf  additional  dati  of  a  novel  character. 

The  accompanying  tables  and  curves  are  constjiicted  on  the  same  plait 
as  thuMi  in  my  previoita  inetcurologioal  papers.  The  scale  and  tlie  degree 
of  smoothing  hy  Gucccssivo  means  are  uniform ;  the  coroparativo  infln- 
ciicc  of  the  sun,  moon  nnd  Jupiter  can,  therefore,  he  readily  sei.*n  at  a 
Iflance.  The  vertical  lines  (0  tn  T)  in  each  set  of  diagrams  indli^oM  t-hr- 
mean  hour  at  which  the  moon  or  planet  is  on  the  meridian,  as  fullowe : 

0  13  M.  2    0  P.  M.  4     12  I'.  M.  G    il  A.  M. 

1  3  P.  M.        a    a  P.  M.  S    3  A.  M.  7    a  A.  M, 

The  tidal  iiiftuence,  therefore,  oo-oper»tea  with  the  maximum  direct 
Hular  inliueoco,  in  ttie  atmospliere  as  a  whole,  and  espeuially  in  the 
upper  currents,  at  0  and  4 ;  in  the  lower  atmosphere  mid  witli  the  Burfjioe 
windti,  at  E  aad  6.  The  positions  of  Newtun'a  Uieoretic^il  high  tideii 
(i'rincipM,  B.  L.Prop.  6G,Cor.  20|arent  land  5  ;  the  low  tides  at  Sand  7. 
My  theoreticat  low  barometer  is  synuhi-onons  witii  Newl«n's  higli  tide  ; 
high  barometer,  witli  low  tide. 

The  moon's  influence  is  most  marked  in  the  heavy  rains  (a  < ;  least,  iu 
the  f rcquen<>y  of  rainCidl  (^).  The  principal  maximum  both  in  frequency 
and  amount,  ts  near  the  time  of  full  moon,  when  the  local  atmospheric 
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uHc^iUations  from  lunar  influence  are  most  antagonistic  to  unlar  action  : 
the  |iiincipal  minimum,  near  the  time  of  new  moon,  when  tlie  oscillations 
t«nd  most  strongly  to  reinforce  solar  action.  These  laws  liave  sudi  geii- 
omlitf,  that,  at  ererystation  which  I  have  hitherto  examined,  thoir  influ- 
ence is  distinctly  tniceihle, 

Neict  in  importance  to  the  moon's  modification  of  solar  meteorologio 
influence,  appears  to  be  its  modification  of  atmospheric  pressure.  I  first 
trailed  attention  to  the  importance  of  this  perturbation,  in  the  third  and 
seventh  inferences  of  my  paper  on  the  "tidal  rainfall  of  Philadelphia" 
[ante  vol.  x.  p.  S3I),  and  showed  that  at  Philadelphia  it  was  more  im- 
portant than  the  direct  and  simple  tidal  energy.  This  modification,  Wee 
the  foregoing',  is  also  traceable  in  all  my  previous  lunar  tables,  and  itH 
prominence  iu  the  San  Francisco  curves  (on  lines  1  and  5,  3  and  T,  in  diagram 
y^  and  on  lines  5,  3  and  7,  in  a,  /f )  is  specially  noticeable. 

The  second  inference  in  the  paper  above  quoted,  tliat  the  tidal  rain- 
fall is,  "like  the  ocean  tides,  more  marked  in  low,  than  in  high  lati- 
tudes," is  illustrated  by  diagrams  ,9  and  j.  If  further  confirmation  is 
desired,  it  may  bo  found  in  the  tables  accompanying  my  previous  din- 
i;u«sious  of  different  European,  Asiatic  and  American  observations. 

My  first  prediction,  that  "the  tidal  rainfiill  wiU  generally  be  found 
more  strongly  marked  ou  the  western  shores  of  the  several  continents, 
than  in  the  same  latitudes  on  the  eastern  shores,"  is  confirmed  by  the 
similarity  in  the  amounts  of  average  monthly  fluctuation  at  San  Fran- 
cisco and  Lisbon,  and  the  smaller  fluctuation  at  Philadelphia  (,J,  ^f. 
This  difference  should  of  course  be  greatly  modified  in  the  regions  of  the 
monsoons,  and  reversed  in  the  trade-wind  regions. 

My  third  prediction,  that  "a  certain  degree  of  apparent  opposition 
will  be  found  to  exist  between  the  lunar  influence  upon  the  upper  and 
lower  cloud  strata,  dependent  upon  the  normal  differenco  of  position  in 
the  tidal  crests  of  deep  and  shallow  fluid  envelopes,"  is  partially  verified 
by  the  tendency  to  maxima  at  quadrature  as  well  as  at  syxygy  (2  and  'i, 
Oand  4,  u,  /i,  y).  The  syzygy  influence  before  new  moon  is  manifested 
by  the  maximum  after  high  barometer  (7),  but  it  is  interrupted  by  the 
lututr  intensification  of  solar  action  at  new  moon.  If  1  succeed  in  olitain- 
ing  such  a  record  of  the  San  Francisco  winds  as  it  necessary  for  the  com- 
plste  sttbetantiatton  of  the  second,  third  and  fourth  predictions,  I  shall 
expect  to  find  that  the  maxima  at  2  and  G  arc  dependent  upon  the 
surface  winds ;  those  near  0  and  4  upon  the  upper  atmospheric  currents. 

I  still  feel  some  doubt  with  regard  to  the  certainty  and  character  of 
Jupiter's  influence  upon  the  weather,  but  the  amount  of  agreement  be- 
tween the  curves  for  three  independent  periods  of  eight,  seven  aiul  eight 
jtMTB  (C),  the  resemblance  between  the  curves  at  Lisbon  and  at  Aau  Fran- 
aaeo  (^),  when  the  origin  of  tlie  ordinatcs  is  taken  at  opposition  in  one 
<aM  and  at  conjunction  in  the  other,  and  the  cliaracter  of  the  contrast 
a  the  lunar  and  Jovian  curves  at  Lisbon  (ante,  p,  181),  all  tend  to 
with  the  belief,  that  at  least  one  of  the  primary  planets  is 
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die  source  or  importnnt  meteorological  perturbations.  I  sball  uot  b«  sur- 
prisod  if  the  Barbados  records,  when  I  rouoive  tbem,  furnish  data  for 
wttltug  the  quaetioD  definitely  in  the  affirmntive.  1  cau  think  of  no  more 
probable  reason  for  tho  oppositian  betweeu  the  Jovian  curvea  at  Sftn 
Francisco  and  Lisbon,  tliao  the  opposite  directions  of  the  oce^n  currents 
iieur  the  two  coasts. 

The  local  disturbances  are  avidontly  greater  at  Ban  Francisco  than  at 
Lisbon,  but  io  spite  of  them  all  tho  two  sets  of  lunar  curves  at  the  fbrmer 
station,  (i.  ^),  each  set  covering  three  eatirely  distinct  and  indejjendeiit 
periods,  exhibit  striking  points  of  similarity,  and  tbeir  differoncos  ore  nu 
greater  than  might  have  reasonably  been  anticipated,  in  view  uf  tbv 
variations  in  the  solar  curves  I'l,  ■,).  The  same  may  be  said  of  tliR 
monthly  curves  of  heavy  rainfall  ^(J^and  of  freiiuency  of  run  (*)  in  dif- 
ferent periods. 

Intercstiug  special  resemblances  at  different  stations  are  showii  at 
Greennioh  and  Philadelphia,  in  Fig.  4.  anU.  vol.  s.,  p.  335  ;  at  Philadel- 
phia, Lisbon  and  San  Francisco,  in  all  the  lunar  curves  on  p.  1S3  luii]  in 
the  average  annual  rainfall  at  Philadelphia  on  p.  ISl  (Tabic  IV.)  of  the 
pi'esent  volume,  as  well  as  in  the  accompanying  curve  which  depiota  the 
Erequenoy  of  rain  at  San  Franeisco  froai  1849  to  1657  (4),  continuous  line,)* 
Tlie  maxima  in  my  PbilMelphlA  annual  curve  are  •omewlmt  more 
strongly  marked  than  those  in  Schott's  diagram  (PI.  Ill,,  TabUt  and  n- 
niilt  of  tkt  precipitation  1^.,  in  ike  U.  S.),  on  account  of  the  diHbient 
methods  employed  in  computing  the  ordinates.  Bchott's  were  calculated 
from  the  monthly  means  (op.  cit.  p.  1*24),  mine  from  means  wliicb  oovor 
only  ,'g  of  a  year,  and  therefore  sbow  the  cliaractoristiD  features  of  ibe 
carve  more  minutely,  besides  being  better  suited  for  comparison  witli 
the  thirty  ordinates  of  the  lunar  ourve.  Uy  anticipations  (Jour,  of  Que 
Franklin  Inst.,  Isiii,  205)  that  tho  Ban  Francisco  "daily  records  may 
prolMibly  furuisb  materials  for  more  minute  and  detailed  protitiible  inves- 
tigation," having  been  thus  satisfactorily  realized,  I  now  await  the  ar- 
rival of  the  Barbados  records,  with  tho  expectation  that  Uteir  discoHoion 
will  exhibit  evidenoes  of  lunar,  ajid  possibly  of  planetary  action,  analo- 
gous to  those  which  1  have  found  at  otlier  stations,  but  still  more  promi- 
nent and  more  decisive  than  any  that  have  ever  hitherto  been  published. 
If  there  are  any  observations,  extending  over  a  long  series  uf  yi?ant,  near 
the  Gulf  of  Fuuseoa  or  on  the  Soiithwostem  coast  of  Peru,  I  think  they 
will  fumisli  indications  of  tlie  special  importance  of  the  lunar  action  <hi 
the  barometric  pressure,  similar  to  tboso  which  1  have  found  nt  I'hiladeU 
phiu,  but  that  such  indications  will  be  more  marked  on  the  Peruvian 
roast,  than  on  eitltor  coast  of  North  .\merica. 
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EXFUIKATIOHS    OF    DiAOBAIU. 

Ttw  average  rainfall  in  each  fi^re  is  represeDted  b?  tbe  broken  b 
Bintal  line.  The  hinar  citn-es  hcfrin  and  enrf  with  the  day  of  new  mn 
tbe  aolar  eiirn'e  with  Jainwry  Ut ;  th<-  ' — ■"■- "•  — ' •■'— 


tjaa  Fraacisco,  ut  opi>iHiti<ni  for  lAshoti.    The  Tertical  lines  divide  each 
«7clo  iuto  octants.     All  the  curves  aie  foe  San  Franataco,  except  in  dia> 

SraniB  3  and  t^. 
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Diagrams  of  rain  in  lunar  months, 

a.  Heavy  rainfall.    Table  IV. 

fi.  Average  rainfall.     Tables  I,  II. 

Y,  Fi-equency  of  rain.     Table  IV. 

(^.  Average  rain  at  Lisbon ;  continuous  line. 

"  **    Philadelphia ;  broken  line. 

"  **    Surrey,  Eng.;  dotted  line. 

0»  Heavy  rains,  Table  IV. 

"      •     1849-57;  continuous  line. 
"  1857-64 ;  broken  line. 

i      "  1864^-72 ;  dotted  line. 

f.  Average  rains.     Table  I. 
Nov.-Dec. ;  continuous  line. 
Jan.-Feb. ;  broken  line. 
Mar. -Oct. ;  dotted  line. 

z.  Frequency  of  rains.    Table  IV. 
1849-57 ;  continuous  line. 
1857-64 ;  braken  line. 
1864^72 ;  dotted  line. 

X»  Average  rains.     Table  II. 
1849-57 ;  continuous  line. 
1857-64;  broken  line. 
1864-72 ;  dotted  line. 

Diagram^  of  annual  ratn, 

£.  Table  I. 

1849,  '52,  '55,  &c.;  continuous  line. 

1850,  '53,  '56,  &c.;  broken  line. 

1851,  '54,  '57,  &c. ;  dotted  line. 

fj,.  Table  II. 

1849-57 ;  continuous  line. 
1857-64 ;  broken  line. 
1864^72 ;  dotted  line. 

Rainfall  in  Synodic  years  of  Jitpiter, 

C.  Table  III. 

Nov.-Dec. ;  continuous  line. 
Jan.-Feb. ;  broken  line. 
Mar.-Oct. ;  dotted  line. 

r^.  Table  III. 

At  San  Francisco  ;  continuous  line. 
**  Lisbon ;  broken  line. 
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Apr. 

I 
May.  June.  Total 

1          1 

.15 

2 

.18 

.07 

.80 

3 

I 

.63' 

.60 

4 

.04 

.86;       .08 

.02 

! 

5 

.25 

.80 

• 

6 

7 

.99 

.03 

.05 

1.20 
.75 

^4 

8 

i   • 

1.47 

1.15 

• 

9 

1 

.70 

i 

-^ 

S 

10 
11 

. 

.82 

1 

1 

9 

12 

1 
1 

9 

13 

-n 

U 

.10 

15 

.04 

1 

• 

16 

1 

.87 

1 

3 

17 

1 

.02 

i 

«-4 

18 

1 

.03 

.82 

^ 

19 

.28 

20 

.04 

.14' 

>» 

21 

.06 

3 

22 

2.00! 

.17 

•n 

23 

.55 

24     1 

1 

.oo! 

25 

1 

.20 

.02 

20 

1 

1 

.80; 

27 

1 

1 

1 

.20' 

.25 

.07 

28 

1 

.24        .16 

.03 

29 

.21 

.30        .02 

.04 

30 

.82i     1.80 

31     1 
Sum! 

1.08 

0.21 

.I2I 

.30 

1 

2.12 

7.10      0.58 

0.14 

6.68 

o.» 

0.32             1  18.44 

Day. 

1 

July 

1 
Aug  Sep. 

i 

1 
Oct.  Nov. 

i 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

ToUl 

: 

.82 

1 

2                         1 

i 

.06 

.02 

3 

: 

1 

.19,       .02 

4 

i 

.21        .04 

5 

1 

.20,       .69 

^ 

6 

i                 ■ 

1         ' 

i       .01 

! 

iS^ 

7 

1 

1.38 

^4 

8     1 

.81 

.14 

A 

9 

.02 

10 

.20 

.02 

11 

.40 

.33 

.81 

.25 

a 

12     ' 

1 

.03 

9 

13     , 

i 

.30 

1 

.36 

1            i 
1            1 

■» 

14 

.80 

.52        .18 

.76 

' 

3 

15 

.25 

.03; 

.02 

*l 

16     ' 

.20' 

1.85 

^ 

17 

1 

.20 

8.00 

1.74 

^4 

18     . 

1 

.62 

1.40 

r 
Ad 

19 

1         ] 

.05 

.07 

p4 

20     j 

1 

1 

.11 

.02 

>k 

21    ! 

1 

1.10 

.21 

9 

22 

1 

.071 

.29 

1 

"» 

23 
24 
25 

26     , 
27 

1 
1 
1 

1 

.12 

.76! 
.11 
2.54 

1       .25 

.15 
.37 
.34 
.27 

2.85 

.08 

.01 

1 

i 

1 

28 

.80      .30 

.31:       .01 

.62 

.08 

29 

1 

1   1.16 

1.72 

.47 

.35 

i 

30 

1 

!     .04 

.75 

1 

31 
Som 

1 

.05 

' 

1 

0.80    5.31 

18.20      8.92 

1.42 

4.86 

6.87 

0.38 

36.26 

saw  FBAW0I8C0  RAIN-FALL _^_ 

Omj.hvlyA.'OK  Sep.  I  Ool'not.   Deo.  '  JaD.  '  Feb.    Har.    Apr.  I  Maj.  Jube.  1 


ii 

i 

1 

1 

1            1 
i 

1 

■"i 

Ol' 

.10 

..» 

1 

<» 

18 

fi 

1       ; 

.«9 

1       1 

Sam 

a.M 

0.28 

0.13 

iM 

!ua| 

3.M 

S.MI 

3.» 

8.ul     0.03 

O.Dg    33.M 

Daj. 

JiOj 



ABB 

Sep.  Ort.'No». 

p^ 

J»o.  ■  Feb. '  Mar.' 

1          1 

•"■I""- 

aaa.  ToUl 

, 

> 

^ 

•s 

:S      ■   :S!      1    " 

T 

:£,   .ot!   :^      1 

.M 

.a 

■'1  ■"!  1  s  , 

is 

JS 

1  .. 

1 

ana: 

o.Wi  0.1 

m  0.M    o.« 

».e;    *.ni   4.M    k.mI   lbs 

1  m-M 

534 

SAW  FRAHCI9C0  KAmFAU- 


D.y.Jnl, 

AuB 

Sep 

0.. 

Nov 

D.. 

„.. 

Feb. 

Mar. 

aph.|m.,. 

""•r' 

,    1 

1 

1 

osl 

i        I 

1 

i  \t\ 

i  Si 

1 

aam 

Ml 

6.1(1 

O.II0 

l.M 

IMl     O.T« 

0.03 

X1.W 

Uay-  JkIt  Aug  I  Sep.[Oat.  Inot.   D«e.  '  Jm.  '  Feb.  I  BUr.'Aprit   May.  Jon 


■IS       M 

.03         M; 

.OS      .SO        M 


535 

SAB  FBANCISOO  BAUTFAtX. 


Dkjr.  Jniy  ABg  Sep.  Oct.  Nor 


Feb.    Mar. ,  Apr.  Xij.  Jnoc.  Tolnl 


St    I 

1 

.         1         1 

1 

1 

1 

Sum 

'  0.«8'  S 

Ql' 

4.U 

4.M 

1.8S 

t.M: 

1.M 

O-M 

OM    31.81 

D^T.Jjnly  AngjSep.  Oot- 

«„ 

Dm. 

„.. 

Ttb. 

Hu. 

Apr. 

M.y.  Jnnf. 

T.., 

I 

' 

M 

.S» 

5 

l.OJ 

1 

f 

ii 

1 

u 

.n 

!i 

IT 

.1* 

3 

IT 

.M 

iS 

s 

IB 

vr 

M 

:£ 

.« 

;r. 

.« 

8nm 

0.0t|  B.U 

S-hI 

0.W 

■.u 

l.« 

a.ai 

».m 

O.ST 

1^ 

n.s 

TMin«Bt] 

536 

» 

rJWfit, 

SAN  FBAMCI8GO  BAINFAl^. 

Day,  July 
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i 
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Fib.    Mar. 
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ON  THE  DENTITION  OF  METALOPHODON. 


{Read  before  the  Am 


By  Edward  D.  Cope. 

rican  PhUjisaphical  Society,  September  2>},  1^72. | 


This  discovery  of  a  Becoiul  species  allied  to  Bttthmodon,  Cope,  repre- 
sented by  more  complete  remains  of  dentition  than  tliat  on  which  that 
genus  was  originally  estabUshed  (B.  nidinna),  renders  it  jiossible  to  en- 
large our  knowledge  of  its  chamcters. 

It  may  be  premised  that  the  new  si>ecies  may  belong  to  the  group 
Loxolophndon,  and,  as  its  characters  diffi-r  from  those  of  the  large  species 
Eobiuileut  ca'rnuluK,  fuTfatu*  and  preineornit,  I  must  retain  llie  last 
named  genus  with  characters  ascribed  in  my  last  paper  to  the  former, 
snd  withdraw  the  species  from  the  former,  to  which  1  at  that  time  re- 
ferred them.  It  appears  that  this  name,  used  first  for  a  scclion  of 
Bathmodon,  was,  perhaps,  based  on  mandibular  teetli  alone,  whieli  in 
Metidapkndou,  differ  remarkably  from  the  mazillaries.  The  cranium  of  the 
new  s|)ocies  to  be  described  was  so  decayed  as  to  he  irrecoverable,  but 
the  tcctli  obtained  were  in  place,  and  in  close  proximity,  so  that  tberi^ 
can  be  iv  reasonable  iloubt  tliat  they  belong  to  tliu  siimu  animal. 

The  spiviuH  dilfer  cousidcnibly  from  the  B.  rndiiini.  The  mast  iiroml- 
neut   are :   first,    the  failure    of  the  lateral  or  straight  limbs  uf  the 
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crescent  of  the  tootli.civwn  to  meet  At  the  apex,  in  tbe  molars  proper  ; 
Msoond,  tbe  preBenui!  of  two  lobed  preinol»ra  only,  tlie  three  lobed  fuuiul 
n  BathiHotlan  not  being  reprewntcd  IB  any  series.  The  llrat  cliamclcr 
appeal's,  tu  mc  tu  be  of  generic!  iinportaoce,  hence  tbe  nnme  applied  to  it 
At  the  head  of  this  nrtiele.  It  ma;  jct  prove  to  be  Lninlnphodon,  lis  no 
generic  obaracterdistingiiiiihea  the  inferior  molars  of  the  two.  It  remainii 
however,  to  tlctermine  whether  that  nnme  Applies  to  Bulkmodan,  or  a 
genus  difl'erent  from  it,  as  the  present.  In  tbe  ineAntime  the  new  species 
may  be  ciUlecl  Melalophmian  armat-u*.  It  is  as  large  as  the  Indian 
RhinoKrot,  or  perhaps  larger. 

The  infiian  are  well  developett,  those  of  the  premaiillary  snbeiiual  in 
aize.  Tlio  crown  has  a  convex  cutting  edge  and  flat  inner  faoe,  Tlie 
outer  face  is  convex.  In  some  the  inner  Rice  is  more  concave,  and  is 
bounded  by  a  cingulum  nest  the  root. 

The  prfrtQ  (Km  present  a  single  external  crescent  of  acuminate  nnllinc, 
and  a  smaller,  more  tnuisverxe  one.  within.  A  oingulum  buunds  the 
crown  fore  and  aftr  but  is  wanting  at  both  base  and  apex  of  tlie  trian- 
gular biMe.  In  the  more  posterior  tbe  crescent  is  more  open,  and  tbe 
crown  less  tranavoi'se. 

Tbo  inolitri  present  an  inereaim  in  transverse  extent  of  the  exl«mul 
crescent,  and  the  interior  one  is  wanting.  In  the  po«teri«r  two  the 
anti^rior  ridge  curves  round  at  the  apen^  but  is  sepai-ateil  by  a  consider- 
able iutcmiption  from  the  posterior.  The  latter  is  sboiloned,  and 
terminates  extei'nally  in  a  conic  tubercle,  which  approaches  tlie  outer 
extremity  of  the  anterior  ridge.  In  the  last  mohir  the  posterior  ridge 
is  shorter,  nearly  straight,  and  terminating  in  a  cone  nt  eacli  extremity. 

The  fanlan  is  damaged,  but  was  iif  large  size,  amounting  in  one  or 
the  other  of  the  jaws  to  a  tusk.  Tlie  probably  superior  is  comprctwed, 
witli  acute  edges.  The  inner  face  gently  convex,  the  outer  more  strongly 
so,  with  an  auute  ridge  on  its  anterior  convexity,  inclosing  an  open 
groove,  with  the  interior  cutting  edge.  This  surface  of  the  dentine  when 
es[iUBed  has  a  transvci-soly  wrinkled  character,  but  no  trace  of  engine- 
turning  in  the  fractures. 

In  tlie  tniindible,  premolar  and  molar  teeth  are  recjignizable ;  the 
character  of  the  incisors  remaining  uncertain.  As  usual  in  nngnliitcs, 
they  ]>osscii,'i  a  relatively  smaller  tra-nsverse  diameter  Uian  ilo  the  cor- 
responding toeth  of  the  maxillary.  They  change  very  materially  In 
form  from  tlie  front  to  the  terminus  of  the  series,  and  in  cnunection 
with  tlie  superior  molars,  are  very  instructive  as  to  the  genetic  connec- 
tion of  different  types  of  dentition. 

The  pecnlarity  of  the  premi/lart  consists  in  the  ^t  that  iH'siclcs  Ltie 
■Ingle  external  crescent  exhibited  by  those  of  the  upiicr  jaw,  tliey  have 
II  rudimental  second  one  in  the  poHllion  it  should  occupy  in  correspond- 
ing teeth  of  P'llaon/iapK.  Tbo  inner  Liorder  of  the  crown  is  convex,  anil 
extends  from  apex  to  apex  of  tlie  crescents.  There  are  no  cingula  lo 
Uieee  tcetb.    The  rudimental  crescent  diminiBbes  anteriorly,  its  angle 
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becoming  firvt  obtuse,  and  Uien  disapjiearing-  Poateriui'ly  tlut  rvT«r»e 
pnwess  taki<s  plaoe,  and  proportions  inoreaae.  Bat  in  tbe  liiet  molart 
they  do  not  asgume  Ibe  prciportioiiB  seen  in  Palaol/ien'iim  and  Allied 
forms.  Tliey  increase  in  the  elevation  of  oorrenponding  riil|ri!B  of  the 
creswnts,  and  decrease  in  the  oth«ri>,  bu  tlitit  ttio  result-int  foiin  !» 
nearly  like  that  of  Dinolh&rium  or  perhaps  Lophhdon.  The  outer  ridgu 
uf  one  crescent  appears  as  a  cingututu,  whieli  sinks  to  the  base  of  the 
crowu  fnnn  the  apeic  This  is  rudimentBl  in  the  genera  just  mentioned. 
The  corresponding  bounding  ridge  of  the  other  crescent  is  reduced  t»i  a 
rudiment  extending  diagonally  across  the  valley  between  tbe  remaining 
crests,  as  ie  seen  in  not  a  few  genera  of  the  Eocene. 

We  have  thus  an  explanation  of  the  heretofore  obscure  qnestion  as  ti> 
the  oiigin  of  the  crescent-bearing  tootb  of  the  ArtiodiwtyleB.  yrom  tbe 
two  crested  type  of  Tapirut,  the  two-angled  form  develbpea  itself  by  the 
growth  of  the  cingnlnm  and  duLgonal  crest  just  described.  This  is  seen 
completed  in  Palaotyopn.  The  elevation  of  the  ridges  aui)  deepening  of 
the  intervening  valleys,  would  result  in  the  ordinary  Rajninant  type. 
The  same  process  increasing  transverse  crests  only,  derives  the  MatlodifUl 
fVom  tho  Tttpiroid  form,  and  the  deepening  of  the  valleys  of  thU,  Again 
results  in  Elep/,n$. 

In  oomparisoa  with  Bathmodort  Kmirineluf,  Cope,  the  crowns  el'  tbe 
premolars  are  of  similar  siee,  but  (Mnsiderably  less  elevated. 

The  lueasuiements  cannot  be  given  with  exactitude,  hnt  are  approxi- 
mately as  follows  :  Superior  incisor  crown,  width.  75  inch  ;  elevation  .60 
inob.  Canine  1.31)  inches  from  apex,  inner  face  .75  inch.  Preniolar 
length.  7B,  width  1.1  inch.  Molar  length  crown  1.1  inch,  width  1.3S  indi. 
Inferior  premolar,  length  of  crown  1  inch,  width  .75  inch.  Posteiior  mo- 
lar, length  1.30  inch,  width  .9  inch.  The  crests  of  the  last  mentioned  are 
quite  elevated,  one  more  than  the  otlier ;  the  tower  with  a  strong  cingu- 
lum  at  the  base,  which  rises  to  what  is  homologous  witli  tbe  base  of  a  tri- 
angle, or  outwards ;  none  on  the  inner  aspect  of  tbe  base  uf  tlie  crowu. 
Tlie  cingula  of  the  superior  moiars  are  only  anterior  and  posterior. 

This  large  ungulate  was  found  in  a  stratum  l>elow  those  of  the  Green 
River  Group  of  llayden,  or  in  the  lower  beds  of  that  series,  near  Block 
Buttes.  Wyoming.  Obtained  by  the  Geological  Survey  under  direction  of 
Dr.  F.  V.  llayden. 

In  a  line  uf  banks  or  low  bluifg,  immediately  lielotr  that  in  which  tbe 
Melalophod^n  was  found,  dermal  scutca  of  a  small  crooodjlian  are  abun- 
dant. Tl)e  discovery  of  the  greater  part  of  a  cranium  of  one  of  tliesQ 
enables  me  to  point  out  tbe  exist«nco  of  a  species  of  Alligator  of  still 
smaller  size  than  the  smallest  of  the  Caimnns  at  present  inhabiting 
Hoiitb  America.  This  species,  which  I  call  Allioatoh  bktkrooon, 
possess  several  peculiarities.  The  anterior  and  posterior  teeth  differ 
exeocdingly  in  shape  ;  the  former  are  flattened,  sharp-edged,  and  slightly 
incurved  ;  tbe  edges  not  serrate.  Those  of  the  preniaxilkry  bouc  arc 
•ubequal  in  siM>,  while  one  behind  tbe  middle  of  the  maxillary  is  larger 
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Uwn  tbe  nist.  TBe  poeterior  t«Btli  have  short,  Tsrf  obtoM  crowns 
witli  elliptic  fore  and  aft  outline.  They  resemble  some  forms  seen 
in  I^unodont  fiahes,  and  are  cloaelj  striate  to  a  line  on  the  apex. 
The  upper  surface  of  the  cnmituii  is  pitted,  tlie  frontal  luicl  parietal  Iwnes, 
with  lar^,  deep,  and  closely  placed  concavHies.  The  former  is  per- 
fectly plune,  ftud  the  latter  is  wide.  Tbe  sqiiamosul  arch  is  also  wide. 
And  the  cf  otaphit«  bramin^  are  large  and  (^>>n.  The  dermal  scuta  are 
very  large  for  the  size  of  the  animal,  and  were  not  united  hy  suture. 
They  are  ketilless,  and  deeply  pitted,  with  smooth  margins. 

Tlie   verhibral   rentra  found  with   otlier  specimens   are  round.     Tbe 
cooMGilied  ikeui-^  nrchcs  indicate  tbe  adult  age  uC  tlie  animal. 


lleigbt  crown  pretnaiiilary  tooth 004 

Width         "  •'  at  base 0035 

Long  diameter  trown  of  a  maxillarjr 009 

Short         "  "  "  0035 

Width  parietal 000 

™"">"-' {SSSZicr;.;;:;:  S 

Width  mobir  below  eye 008 

The  vaHation  in  the  form  of  the  te'Ctli  is  a  slight  exaggeration  of  th.at 
Men  in  lUc  dentition  of  various  Hpedes  of  crocodilianR. 


Stated  Meeting,  Ort.  4th,  1872. 
Present,  20  membcra. 
Vice-President,  Mr.  Fb.alev,  in  the  cliair. 
A   letter,  accepting  membership,  was  received   frtrm  the 
liev.  S.  H.  Nichols,  dated  4t5  Soiitli  Fifteenth  Street,  Phil- 
adelphia, September  26th,  1872. 

An  engraved  portrait  of  William  Smith,  1>.D.,  iirat  Pro- 
vost of  the  College  of  Philadelphia,  was*  presented  by  Mr, 
Hornet-  A\'.  Smith. 

A  cireiilnr  letter,  announcing  the  dentli  of  Si^or  Felice 
[Finzi,  dated  Fireii2e,4th  SeptC'mber,1872,  was  received  from 
[3iiB  relatives. 

A  letter  of  envoy  and  acknowledgment  (Proc.  81   to  85) 

was  receive<l  from  the  Geological  Society  of  St.  Petersburg. 

Donations  for  the  library  were  received  from  the  Revue 

Politique;  the  Meteorological  Committee  of  the  London  R. 
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S.;  Loudon  Xature,  Old  and  New ;  American  Academy  of 
Sciences ;  American  Oriental  Society ;  Prof.  0.  C.  Marsh  ;  M. 
Alph.  Loubat ;  the  Franklin  Institute;  Academy  of  Natural 
Sciences ;  Journal  of  Pharmacy  and  Penn  Monthly,  of  Phil- 
adelphia, and  the  Petroleum  Monthly. 

An  obituary  notice  of  Mr.  Eckfeldt,  by  Mr.  Dubois,  was 
read  by  appointment  by  Mr.  Patterson. 

The  death  of  Mr.  Ralph  Ingersoll,  of  Connecticut,  a  mem- 
ber of  this  Society,  August  25th,  aged  83,  was  announced  by 
the  Secretary. 

Mr.  Lj^man  offered  for  publication  in  the  Transactions,  a 
paper  and  map  of  his  researches  into  the  geology  of  the  Sta- 
ley's  Creek  Coal  and  Iron  region  of  Virginia,  which  he  de- 
scribed summarily.  On  motion,  they  were  referred  to  a 
committee,  consisting  of  Prof.  J.  F.  Frazer,  Mr.  Lesley,  and 
Professor  P.  Frazer,  Jr. 

Pending  nominations,  Nos.  697  to  702,  were  re^id,  and 
new  nominations,  Nos.  703  to  705. 

On  motion,  the  West  Virginia  University,  at  Morgantown, 
was  ordered  to  be  placed  on  the  list  of  correspondents  to  re- 
ceive the  Proceed! nirs. 

On  motion  of  Mr.  l^rice,  it  was  resolved  that  the  Curators 
be  authorized  to  deposit  the  arm-chair,  now  in  pos^^ssion  of 
the  Society,  one  of  those  used  by  members  of  the  Continental 
Congress,  in  the  Hall  of  Inde}>endence :  provided  the  authori- 
ties of  the  City  of  Philadelphia  will  agree,  by  Ordinance,  to 
return  it  to  the  Society,  whenever  so  requested  by  it.' 

Dr.  Elder  asked  and  received  permission  to  deposit  in  the 
Hall  of  the  Society  a  chair,  left  in  his  care  by  Mr.  Washing- 
ton, who  fell  at  A'icksburg ;  said  chair  having  been  occupied 
by  Judge  B.ushrod  Washington,  presiding  in  the  Circuit 
Court  of  the  United  States. 

And  the  meeting  was  adjourned. 


i-'rn  Noliff  of  Mil.   Jrt 
Bv  Mb.  Df] 


[    It.    ECKKELDT, 


\.ltftd  fit/ore  the  A/aerieiin  Pkilomphifnl  Sotktj/,  OH.  ilh,  1872.) 

Jncob  H.  Eckfeldt,  lnt«  Auayei  of  tlie  Hint,  was  the  son  or  Adam  anil 
Hars^rettA  Eckfcldt,  and  was  bom  in  FbUadelpliia  Mareb  — ,  1803.  lie 
WAS,  tlierefore,  iu  his  seventieth  jruar,  at  the  time  of  deuease,  August  t)th. 
1873. 

lie  earl;  developed  a  studious  mind,  and  a  fondness  fur  solid  iiifoi-uia- 
tioii,  ORpeeially  in  the  donrnina  of  physical  and  inocbanical  science.  He 
WM  mainly  etiucated  at  the  clasBical  academy  of  Dr.  Wylie  and  Mr. 
Cngleft.  celebrated  in  those  days. 

Wlien  he  was  grown  up,  and  old  etkougb  to  ougage  iu  business,  he  was 
pbwed  in  Mr.  Greiner^s  Cotton  Uill,  at  Tivnton,  as  a  subordinate  mana- 
ger, where  he  continued  for  ecTeral  yeans  unUI  that  enterprise  proved 
nnsucoesaful.  After  that,  hu  was  emiiloyed  by  Mr.  Cloud,  then  Melter  and 
Beflner  of  the  Mint,  to  attend  to  the  parting  room. 

In  the  Spring  of  l^:iS,  Mr.  John  Itiuhardsoti,  vliohad  l>een  Assayer 
about  one  year,  and  did  not  find  the  employment  congenial  to  \\\n  tastes 
(trithal  B  man  of  gooil  parts  and  highly  e stemmed),  informed  Mi-.  Eckfeldt 
that  he  intended  to  resign,  and  wished  him  to  prepare  to  take  the  place. 
Mr.  E.  shrank  from  this  rcspousiliility  and  declined.  But  some  of  Lis 
friends  who  had  influence  with  President  Jackson  presented  bis  name 
with  a  strong  recommendation  and  be  was  ap|M>inted  without  tieing 
askfid  as  to  his  party  preferences.  This  oceuired  on  the  JMltli  of  April, 
1832,     lie  has  tlicreforo  held  the  office  over  forty  years. 

When  he  entered  upon  the  work,  ho  had  to  eneounter'somo  emharmss- 
ments.  Tlio  apparatus  was  old-fashioned,  and  not  oalculated  for  nice 
results.  The  sUvcr  assay  had  been  well  performed,  witliout  going  to  a 
close  lignre,  for  many  years ;  but  gold  was  little  known  in  the  uounlry  or 
at  the  Mint,  and  it  is  not  suqirising  that  its  assay  was  incorrectly  per- 
fomied.  Add  to  tliis,  there  was  the  coarse  and  cumbrous  nomenclature, 
brought  from  the  old  oountry,  of  carats  and  grains  for  ^old  flnenetis,  and 
BO  many  grains  to  the  pound  for  silver  fineness. 

CloBp  iii>on  all  this,  that  is  to  say,  in  June,  1834,  oame  the  celchrateil 
reduction  in  the  stundards  of  'tur  gnld  eoiii,  one  of  the  cliief  measures 
of  the  Jaeksou  administration.  This  «liangcd  gold  from  a  curiosity  to  a 
ourirtii'j  ;  Jiultion  and  foreign  mrin  tiowcd  to  the  mint,  and  aer-uracy  of 
assay  wajfinore  tlian  ever  nwdful.  Mr.  Eckfuidt  was  equal  to  the  emer- 
gency ;  iwd  resolutely  introduced  reforms,  wliich,  at  firat.'niadc  the  lOder 
officers  ftand  in  doubt.  At  this  crisis  he  was  taken  down  with  smiill-pox; 
and  shoi-tly  after,  his  valued  foreman  also.     Both,  however,  recovered. 

In  those  days,  about  the  time  the  new  mint  ediflc*  on  Chestnut  street 
was  liiiiahing,  Mr.  Peale  was  sent  to  I.ouilon  and  Paris  to  ohsci-ve  the 
methods  of  assaying  and  refining,  and  to  pi'ouuie  a  new  appiirntus.  We 
were  thus  supplied  with  French  beams,  weights,  and  cupel  fiiruaccs,  and 
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with  the  upplinBcea  of  Oaj'-Lungac's  humiil  nstuy,  and  the  ]iriut(Hl  detnils 
of  the  [uitc«»s.  Soon  after,  Mr.  Baxton,  fiim<m8  fur  his  skill  in  uonstnict- 
ing  baliuiL'OB  iind  other  ilelicata  instrutni'iit!*.  returuid  fmm  n  long 
Boliooling  in  that  line  in  London,  and  was  employed  in  thu  Mini.  Tliws 
fuminbed,  Mr.  Eckfclilt  felt  him seU  "wtHp,"  ami  ivble  to  oomjitte  witli 
the  foreign  HSMayen,  und  if  he  wis  over  laoi*  ])ivvis(!i,  it  was  U'caiuW  It* 
diBre',-ard»l  ceilaia  allowances  which  hwl  become  n  time-liouorwl  curtoaii 
A  large  icn|Kirtittion  of  fine  gold  burs  from  France,  known  *h  the 
French  Indemnity,  and  whirJi  canio  becauno  rrcsidi-ttt  Jackson  declared 
ho  "  would  submit  to  nothing  that  was  wronjj.''  gave  a  Hue  opportunity 
for  teRting  and  caRiparing  foreign  assays ;  and  it  was  geuentlly  found  that 
theHe  b»n  were  somewhat  below  the  alleged  fiiieness.  Still  tlio  deficit 
wa«  inconsiderable  ;  btit  it  is  characterisdo  of  French  gold  coin,  ti»  well 

It  Is  not  surprising,  that  ho  felt  at  llrst  tbe  inconvenience  of  pawing 
from  one  form  of  nomenclature  ta  another,  tliou^b  to  a  better  one.  A 
friend  rcmnrica,  "  I  recall  conversations  with  Mr.  Eckfeldt,  Bhowing  how 
serously  be  felt  the  revolution.  He  would  think  in  carats,  ftnd  rrport  in 
decimals.  And  I  often  recur  to  this  as  illustmting  the  kind  of  difBcul- 
tiea  which  wouldariseincaseof  a  decimalizing  of  weights  and  measuTeH.'' 

For  some  years  prior  to  1842,  Mr.  Eckfcldtandhisas«etant,  in  addition 
to  their  ordinary  duties,  engaged  in  the  preparation  of  an  original  and 
comprehensive  work  on  the  Coins  of  all  Nationa ;  on  tlie  Varieties  of 
Ootd  and  Bilver  Bullion;  on  Counterfeit  Coins,  and  on  otber  subject* 
related  thereto.  Tliis  was  publislied  in  1843,  and  has  long  been  re^rdod 
as  a  atnndard  authority.  Tn  1S5U,  they  issued  a  Hoppleinentary  smaller 
work,  and  again  in  \^2. 

As  the  United  Status  increased  in  oommei-cw,  wealth  and  population, 
the  Mint  of  course  increased  in  work.  In  partionlar.  Mexican  dollar* 
came  in  great  quantities  for  reisjiniige.  Not  only  were  our  vuiilta  full, 
but  our  entries  and  corridors  were  at  times  crowded  with  row*  of  kegs. 
Every  day,  for  year*,  we  had  the  constant  task  of  sixteen  melt^  of  silver 
ingots  to  mult  and  assay  ;  and  it  was  a  great  advaiilage  and  satisfaction  to 
l)e  supplied  with  the  humid  appanttus. 

The  eneoess  of  gold  mining  in  onr  Soutliern  States,  and  the  Inervoring 
commerce  of  New  Orleans,  gave  rise  to  the  cstablisliment  of  three  branch 
mints  at  the  South,  in  1H87 ;  and  it  devolved  upon  Mr.  Rckfcldt  to  become 
schoolmaster,  and  educate  the  three  nasayera  appuint«d  for  thow  places. 
The  same  ha<l  to  bo  done  again  at  a  later  date  for  othor  uiiuls  and  assay 
offices. 

In  Deoemlier,  ]i^  CAme  the  flrst  lot  nf  gold  grains  from  California ; 
and  witli  tiiH  opening  of  Uie  next  year  the  tide  set  In  most  powcrfultr. 
1  shall  not  here  speak  uf  this  gruat  ttimiug-point  in  uietallie  currmey 
any  fui-ther  tlian  as  it  aHeuted  tha  mint,  or  rnthcc  the  labor  nhivh  it  laid 
upon  Mr.  Eckfeldt  and  his  department.  As  is  well  known,  the  lot*  w<'r« 
t,  and  tlie  aggregate  amount  was  enormous.    Iust«ad  of  making 


gold  asuAya  by  dozens,  wo  liiid  to  go  tlu-ough  witli  hundreds,  vvery  day 

following  tbe  arrival  of  each  sWamer,  WepnwiireUyouTigmeu  as  opera- 
tors iu  the  wi>igh-ruoni  aad  additiotint  workmen  in  the  lahomtary ;  and 
in  Bpiie  of  all  the  help  we  wore  all  overworked.  Here  let  me  Boy  thiW 
the  persouH  who  Lave  been  educated  by  Mr.  Eukfeldt  to  this  pi-ofeBsioii 
h»ve  done  ci'edit  to  tlie  selectioo  th»it  was  mode,  not  only  by  skill,  dili- 
gciitxs  and  good  vbarautor  while  hvre,  but  wherever  they  are  now  Bcattered 
w  other  tuints  and  assay  ottiues,  or  to  difl'urenl  jmrBuilR.  No  doubt  tbey 
receive  with  profound  sorr(>w  tbe  Udiiiga  of  the  decease  of  Uieir  instruo- 
lor. 

The  gold  pressure  continued  for  about  Sve  yeani,  when  it  was  ri^lieved 
by  the  creation  of  a  government  assay  oHice  in  New  York,  and  a  branch 
mint  at  San  Francisco.  But  directly  ijeifuent  to  thin  cainu  Uie  diauge 
of  Gtiiiidard  in  silver  coin,  causiug  an  immeuso  recoiuaye  iu  siualL  pivces. 
Thus  our  daily  assays  coutinuud  to  count  by  Imndi'edB.  Thia  lasted  lor 
some  yeurb.  When  it  hugan  to  slacken  otf,  a  law  was  passed  fur  ciiUini; 
in  the  largo  coppvr  coins  aud  issuing  in  tbuirsUiad  pieces  ul'  uopper-uiuhel 
alloy  of  much  sinitllei-  sizs. 

The  analysis  of  Niukul  alloys  was  not  well  laid  down  In  tbe  books,  and 
the  European  or  otlier  assays  wbicit  came  with  purchased  lots  showtd 
an  incorrect  determinatiuu.  Mr.  Eck  feldt  was  therefore  obliged  to  ktudy 
out  and  perfect  this  aiuiuy,  which  is  more  todious  aud  laborioua,  though 
o(  IcsE  consequence,  than  the  assay  of  Iho  precious  metals. 

J}ut  it  waa  his  habit  to  be  as  scrupulous  in  minor  mallei's  as  iu  mi^oi' ; 
«nd  after  tliQ  routine  wan  well  scltlcd  it  went  on  witli  the  same  clock- 
work regularity  as  tbe  utlier  brauchus  of  assayiug.  1  need  not  say  that 
thia  nickel  coinage  imposed  another   heavy  pi'essure   upon  tbe  mint  for 

After  this  came  the  aubstitutiou  oi'  tlie  lirouze  alloy ;  anil  Ibis  cajlcd 
for  aooUier  process  uf  assay,  aud  luoiugbt  us  a  great  deal  of  work, 

I  thus  hastily  review  tliis  scijucucc  of  gold,  silver,  nickel,  and  broiiu:, 
oot  ouly  as  an  iiitcreetiug  part  of  Mint  History,  but  to  show  the  varied 
aud  abundant  servic«:s  of  the  uutiriu^  energetic  Principal  Assuyer,  and 
liie  masterly  skill  with  which  he  luut  every  obligation. 

Hia  nervous  system,  nuturally  not  one  of  repose,  was  a  good  deal  im- 
paired by  the  cares  and  labors  of  tlie  Urst  period  Just  reviewed,  and  in 
1B63  he  had  to  sevk  relief  by  travolliug  southward.  This  had  a  benelicial 
eRisct,  but  from  that  time  onward,  although  lie  continued  to  be  very 
active,  there  was  a  marked  deterioration  of  health.  Early  in  the  Summer 
of  ISTO  he  bad  a  serious  spell  of  illuesa,  in  which  an  attecUon  of  the 
heart  was  developed.  This,  by  degrcea,  uuhninated  in  a  dropsical  state  of 
the  aysHim,  and  on  the  2(lth  day  of  April,  lUTS,  he  was  at  the  mint  for 

I  would  not  undertake  to  define  his  various  traits  of  character,   pro- 
fessional or  porsouid ;  but  u  few  remitrks  in  that  way  may  be  in  place. 
In  every  character  we  may  observe  apparent  or  real  opiiosites ;  and  in 
V  «spect  to  Mr.  Eckfeldt,  Ibaru  were  two  uolablo  ii 
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First,  tie  wna  not  ready  iu  the  use  of  laatjnngc.  Tliere  was  wt-altli  of 
tliODgliti  Ijut  nut  freedom  ot  expre-ssiou,  Tlii*  wiut  alwafs  to  Buint)  extent 
iiu  emban-assment.  If,  with  his  stoma  uf  general  and  scientillc  kuow- 
ledji^e,  lie  had  aluo  posseeKed  the  ixiwers  of  a  speakor  or  wrilev,  he  wuulil 
have  made  a  larger  impressiun.  And  yvt  he  was  oomniuiiicalive  and 
Hociahle  linhituali;  tn  his  daily  ri  dee  in  the  citr,  part-way  tu  hi*  house  in 
tli«  countrj',  he  wus  Kind  tu  find  tliose  with  whom  he  could  coiiTi-rse  alunjc 
tlie  road.  This  is  only  an  inntance  uf  his  sooial  l«ni|>er,  at  home  and 
abroad. 

Again,  Jt  oaiuot  be  said  that  be  made  what  might  be  considered  in- 
ventions or  disuoveries  uf  new  pToeefwes.  InventOTH  aii;  really  few ;  and 
they  are  generally  much  indebted  tu  Ibusu  wbu  come  after  thorn  and  Im- 
prove upon  them.  And  yet  big  skill  and  success  a*  an  AfiHaycr  and 
Analyiit  largely  consiBted  iu  his  power  of  finding  uut  what  was  defective 
ur  erroneous,  and  in  applyintr  the  proper  remedy.  It  ollen  wremod  thiil 
wbat  WHS  a  puzzle  t<i  utherK  wub  Ui  biiii  r  matter  uf  quick  iiiHigbt. 

In  the  assay*  of  certain  complex  ulloys,  and  of  low  grades  of  gold  and 
silver,  he  contrived  varioua  uietliods  which  are  not  In  print,  hut  whieli 
are  of  gn'nt  use  in  the  dnily  maniiiulatioox. 

And  bei'e  1  may  state  that  he  not  only  introduced  great  acciiiticy  and 
precision  in  the  assayn,  but  carried  spedal  invextigatiuue  to  a  delicacy 
almost  includible.  This  wan  partly  tu  be  credited  to  the  progietsive  im- 
provement in  assay  balances,  by  which,  after  discarding  th«  old  nlken 
cords,  we  bad  Deleuil's  beam  with  steel  stiri'upB:  then  Baxton'spalladiiun 
beam  with  drop  supports,  then  th«  more  sensitive  and  more  complicated 
Uertling,  and  at  lant  the  simple  nud  complete  Becker.  Bo  that,  iustead 
of  vreighing  to  a  tbousandth  of  the  normal  weight  as  formerly,  wu  now 
have  indications  to  the  tentli  of  a  thousandth,  or  even  lees, 

If,  therefore,  curiosity  or  the  promotion  of  lu-ience  led  him  10  inquire 
how  much  or  rather  bow  little  silver  thci'o  was  in  a  certain  kind  uf  lead 
or  gold  in  an  ordinary  brick  or  pile  of  gravel,  he  would  Iwgin  with  b 
pretty  large  sample,  then  carefully  concentrate  the  precious  luetale,  if 
any,  and  tinAlty  bring  hia  visibl«  speck  to  the  bnlitnuu,  to  dutemiine  n 
proportiou  iu  millionth  parts.  Only  lately  bo  found  iu  a  bar  uf  ?|iant«li 
lead,  which  is  remarkably  free  from  silver,  the  amount  of  one-third  uf  ftu 
ounce  of  silver,  iu  a  ton  uf  lead, — and  much  interest  was  excitod  hy  a 
publicHtioQ  (tome  yua's  ago,  Iiotli  iu  this  oouutry  and  across  the  Allantio. 
of  bifi  experiment  upon  the  britik-i'lHy  whiob  underlies  our  city.  Taking 
two  BuinpleH  fVom  the  oeiiter  of  llie  town  and  the  suburbs  ho  found  they 
contained  gold  at  the  rat«  of  nearly  Vi  graiuu  isay  Itfty  otiMa)  tu  the  ton 
of  clay  iu  its  ordinary  moisture.  Utiier  experiments  went  to  prove  the 
very  geoersl  diffusion  of  gohl,  in  inlliutusiiual  proportiona. 

Some  analysts,  through  want  of  exactitude,  or  for  the  (iloasnre  of 
making  a  sensation,  may  pro«luoo  very  ouriuus  results;  hut  Sir.  Kokfcldt 
was  conaciontious,  1  may  say,  nervously  ncruimloiia,  nlHiut  staling  any- 
thing lie  wu  not  aure  of.    Partly  for  that  rawuti,  partly  fur  the  rvry  lore 


of  trcirk,  Le  was  iuboriouti  tu  a  fault,  all  liU  lifo  long.  It  can  liaitll;  be 
Miid  to  have  sborteiied  bia  days,  Toi'  lie  well  iiigli  iLttaittcU  to  the-  limit  and 
double  the  average  of  buniaii  life. 

Although  he  did  not  take  the  saino  intemat  in  raru  and  curiuus  coins 
thttt  hir;  father  did,  and  wns  not  n  student  of  numismatics,  yet  he  had  u 
cnltivated  taste  in  this  tray,  and  a  liiui  appreciation  of  the  principle)!  and 
Hit  by  which  a  perfect  piece  is  made. 

He  WAebaptizedandconfliined  iu  tlie  Lutlieran  Church,  and  afternarda 
united  with  the  Preabyteriau  Church  in  Ninth  St.,  near  his  father's  house. 
He  was  Hoon  elected  to  the  Eldoi'shipr  and  he  was  no  honorary  or  nominal 
£lder,  hut  fulfilled  the  duties  of  the  olHce,  and  was  valued  for  his  solid 
judgment.  Ho  wan  moreover  active  in  the  Sunday-school,  the  Bible 
Booicty,  and  other  modes  of  benevolent  operation.  Some  years  after  he 
became  a  member  and  elder  in  the  Arch  street  Church  ;  and  since  his 
reiiidence  iu  the  country  has  belonged  to  Marple  Church,  in  Delaware 
county. 

He  was  elected  a  member  of  this  Society  in  January,  lS4a. 

He  was  a  man  of  feeling,  as  well  as  of  principle  ;  alFectionate,  as  well 
a»  exact.  Ho  made  new  friends  and  cberisbud  old  ones.  This  disposition 
even  Increased  with  his  yeai's,  and  wad  not  diminished  when  his  mind  hiul 
loit  its  power.  There  were  many  proofs  of  this,  which  may  not  heie  tie 
repeated.  But  the  writer  may  be  excused  for  stating  an  instance  in  his 
own  cxi)erience.  As  he  stood  by  tho  bedside,  one  of  tlie  family  asked 
Mr.  Eckl'eldt  if  he  knete  who  it  was.  The  very  question  started  an  agi- 
tation which  was  almost  convulsive,  and  with  extreme  difficulty  ho  said, 

"Do — you — suppose —  Do — you — suppose "  and  could  say  no  more. 

But  it  was  easy  to  supplylhe  rest.  "Do  you  suppose  I  should  not  know 
him,  liaving  been  with  him  for  tliirty-nine  years?" 

In  harmony  with  IiIr  religious  sentimcntx  he  was  a  man  of  pure  s})cech, 
of  upright  dealing,  of  modest  demeanor,  of  benevolent  heart,  and  of 
pul^iotic  spirit.  How  could  any  one  fail  to  recognize  tlie  advantage  of 
daily  association  fur  many  years  with  such  a  man  i 

t  fthall  venture  only  one  line  as  to  a  kind  of  dying  testimony  which  we 
all  value.  In  the  few  last  weeks  his  mind  was  much  clouded,  and  hili 
speech  nearly  cut  olt  by  the  force  of  disease.  Yet  in  a  oleur  inturvul  he 
was  overheard  to  express  his  unre6ei~ved  sclf-dedicittiou  to  his  Lord  and 
Saviour. 

The  concluding  remai'k  may  be  oflVred  that  the  Mint  lia.t  sustained  a 
great  Ioms  iu  losing  so  mucli  skill,  so  much  experience,  so  much  exact- 
nefM,  Hiich  probity,  and  superiority  to  reproach,  as  were  concentered  in 
tliiK  one  man.  We  oheriali  the  remembrance  of  his  name  and  services 
which  imjiart  dignity  and  chumeter  to  the  history  of  this  Institution. 

Immediately  alter  the  fai;t  of  his  decease  meetings  were  held  at  the 
Mint  iu  Philadelphia  and  at  the  brancli  Mint  in  Sau  Francisco,  at  which 
addresses  were  made  by  tlie  present  director  of  the  Mint  and  two  former 
directors,  and  other  gentlemen,  expr«ssiTe  of  strong  regard  and  esteQin 
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I)0th  official  And  personal ;  and  reiuilutions  of  the  same  benor  irere  unani- 
mwwly  adopted  by  the  officers  and  workiaen. 

To  tliis  I  will  only  add  in  voik^IubIou,  the  onstiught  testimony,  jiut  rd- 
ceived,  of  a  gentleman  wha,  after  a  service  of  fifty  years  in  the  KojfAl 
Mint  at  Londou,  lately  retired  fi-om  the  post  of  Quoou's  Assayet,  which 
he  bad  filled  with  great  ability. 

"I  have  to  express  my  unfeigned  regret  at  this  loatto  «cietiu«,  and 
especially  our  brancli  of  iU  I  was  out  penonally  kootrn  to  Mr.  Eckfeldt; 
but  I  can  say,  bis  name  and  bis  worlu  will  live  forever  iii  tbe  wide  world. 

I  syiupatliiie  in  tfae  lues  liis  relations  will  bave  to  sustaiiv" 


SlaM  Meeting^  OcU  18rt,  187^ 

Present,  17  raembera. 

Db,  Emerson  in  the  chair. 

Dr.  Agnew  and  Mr,  Coleiuaii  Sellers,  newly  elected  mem- 
bers, were  introduced  to  the  presiding  officer,  and  took  their 
eeata. 

Letters  accepting  membership  were  received  from  Mr. 
Coleman  Sellers,  dated  Philadelphia,  October  12th,  and  from 
Dr.  R.  <r.  Levis,  dated  Arch  and  Thirteenth  Streets,  Phila- 
delphia, October  14th,  1872. 

A  letter  of  envoy  was  received  from  the  Imperial  Acad- 
emy at  Vienna,  dated  May  8th,  1872. 

Lettei-s  acknowledging  the  receipt  of  publications  wert 
received  from  the  Asiatic  Society  of  Bengal,  June  15th, 
1872  (83  to 85, XIV.  i.);  the  Imp.  Academy,  Vienna,  Novem- 
ber 7th,  1871  (83, 86,  86,  XIV.  i,  ii.);  tbe  Zoological  Society, 
Londou,  87  Hanover  Square,  September  30th,  1872  (83  to  88, 
XIV.  I  aud  iil);  the  Royal  Soc.  Edinburgh, March  18tb,1872 
<82);  the  Lyceum  of  N.  II.,  New  York,  October  7th,  1872,(88). 
the  University  of  Virginia,  October  7th,  1872  (88) ;  the 
American  Academy,  Boston,  October  8th,  1872(88);  the 
Maryland  Ilistoricul  Society,  Baltimore,  October  7th,  187ii 
^88);  the  University  of  the  City  of  New  York,  October 
10th,  1872  (88) ;  the  New  Jersey  Historical  Society,  Newark, 
October  8th,  1872  (88);  the  Maine  Historical  Society  (88j, 
announcing  also  the  decease  ot  Mr.  Ballard ;  the  Essex  Insti- 
tute, Salem,  October  11th,  1872  (88);  and  the  Georgia  IIJB- 
torical  Society,  Savannah,  October  9th,  1872  (88). 
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I>onation8  to  the  library  were  received  from  the  Acado- 
mies  at  St.  Petersburg,  Vienna,  Brussels  and  Boston  ;  tlio 
Observatories  of  Dorpat  and  Montsouris ;  tlie  Societies  at 
Gorlitz,  St.  Gall,  Frankfort,  Falmouth  and  Edinburgh  ;  the 
Italian  Geological  Committee  at  Florence:  the  Geographical 
Antiquarian  and  Anthropological  Societies,  and  M.  Delessc, 
at  Paris;  the  Meteorological,  Geogniphical,  Chemical,  Goo- 
logical  and  Zoological  Societies,  at  London  ;  the  Revue  Pol- 
itique and  Nature;  the  Peabod}*  Museum,  at  Boston;  Silli- 
man's  Journal ;  the  American  Chemist;  the  American  Jour- 
nal of  Medical  Sciences  and  Medical  News  ;  the  American 
Journal  of  Pharmacy  ;  Dr.  Gross,  of  l^hiladelphia ;  Ponn 
Monthly ;  and  the  Smithsonian  Institution. 

The  death  of  Prof.  John  F.  Frazer,  a  member  of  the  So- 
ciety, at  the  University,  on  Satui'day,  October  12th,  in  the 
Blst  year  of  his  age,  was  announced  by  Professor  Kendall. 
On  motion,  Dr.  LeConte  wa^  appointed  to  prepare  an  obitu- 
ary notice  of  the  deceased. 

A  paper  for  publication  in  the  Transactions  waSijiresented, 
entitled,  "  On  the  Physical  geogi-aphy  and  geology  of  the  is- 
land of  Santo  Domingo,  with  a  map  and  four  sheets  of  sec- 
tions, by  W.  M.  Gabb." 

On  motion,  it  was  referred  to  a  connnittee,  consisting  of 
Prof.  Lesley,  Dr.  Leidy  and  Prof.  P.  E.  Chase. 

Communications  were  received  from  Prof.  Coi)e,  on  a  new 
Vertebrate  Genus  from  the  northern  part  of  the  Tertiary 
Basin  of  Green  River,  and  descriptions  of  new  Extinct  Rep- 
tiles from  the  Upper  Green  River  Eocene  Basin,  Wyoming. 

Professor  Chase  explained  his  views  of  t.^io  values  of  his 
published  comparative  rainfall  tables,  and  of  the  predictions 
jMjrmitted  by  his  discussion  of  the  same. 

Pending  nominations  Nos.  697  to  705  \vere  read.  Nos. 
rJ97  to  702  were  spoken  to  and  balloted  for. 

Mr.  Price  read  a  letter  from  the  lion.  W.  S.  Stokeley, 
Mayor  of  Philadelphia,  in  reference  to  the  deposit  of  the 
Continental  chair  in  the  Hall  of  the  State  House. 

The  ballot  boxes  being  scrutinized  by  the  presiding  officer, 
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the  following  named  gentlemen  were  declared  to  be  dnly 
elected  members  of  the  Society  : 

Mr.  Andrew  Jackson  Cassatt,  of  Philadelphia. 

Mr.  Clarence  King,  U.  S,  Geologists 

Mr.  llomtio  Hale,  of  Canada^ 

M.  Paul  Broca,  M.D.,  of  Paris. 

llerr  Franz  Joseph  Lauth,  of  Munich, 

Dr.  Isaac  Norris,  Jr.,  of  Philadelphia. 
And  the  meeting  was  adjourned. 


ON  A  NEW  VER TEBUATE  GENU9  FROM  THE  NORTHERN  PART 
OF  THE  TERTIARY  BASIN  OF  GREEN  RIVER. 

By  Edward  D.  Cope,  A.M. 

{Head  before  the  American  Philosophical  Society,   Oct,  18,  1872.) 

AnAPTOMGRPHUS  iBMULUS.      CopC. 

Dentition  of  tlie  ramus  mandibuli,  In.  2,  C.  1,  P.M.  2,  M.  3,  total,  10; 
identical  in  number  to  those  of  Simia  and  Homo,  It  diflfere  in  many  re- 
spects from  these  ;  thei*e  is  no  iuteniiption  in  the  series  near  the  canine, 
and  the  syifipliysis  though  massive,  is  not  co-ossiiied.  Further  details 
are,  the  last  molar  is  three-lobed  and  elongated  behind.  The  composition 
of  the  crowns  of  the  preceding  molars  consists  of  four  opposed  lobes,  which 
are  very  stout,  and  connected  transversely  by  a  thin  ridge  behind,  or  in 
close  contact  in  front.  The  premolar  tooth  which  is  best  preserved,  is  a 
perfect  second,  which,  while  having  two  roots,  possesses  a  crown  whicli 
stands  almost  entirely  on  the  anterior,  presenting  a  curved  sectorial  crest 
forwards  and  upwards. 

Measurements,  M. 

Length  dental  line 0.0148 

of  last  molar OO'SO 

**        "  ante-iKjnult 0025 

Width  of  " 0020 

Length  of  three  molars  preserved 0070 

DESCRIPTIONS  OF  NEW  EXTINCT  REPTILES  FROM  THK 
UPPER  GRfeEN  RIVER  EOCENE  BASIN,  WYOMING. 

By  E.  D.  Cope. 

Crocodilus  (IcnTnYosucHDs)  8UBULATU8.     Copc,  ftp.  nov. 

Some  of  tlie  cervical  vertebne  without  hypapophyscs.  Their  cups 
round.  Dentition  peculiar.  One  or  two  very  long  smooth  compressed 
straight  teeth  in  the  front  of  the  ramus  mandibuli.  These  are  followe<l 
abruptly  by  a  closely  set  series  of  sub-equal  teeth  of  not  one-fourth  thv 


1812. 1  OOO  [I'^Mir. 

«ize,  varyiBg  little  to  tke  back  of  the  jaw.  The  long^  teeth  have  sub- 
compressed  crowns  with  opposed  cutting  edges,  and  are  smooth  except 
at  their  bases.  These  are  distantly  sulcate,  the  separating  ridges  bein^ 
neute.  The  smaller  teeth  are  perfect  cones  aud  resemble  those  of  (iAva 
withoat  their  sulci. 

There  are  more  long  teetk  in  the  premaxillary  bone  than  below.  Pit- 
ting of  cranium  distinct,  elegant.  Length  of  skull  about  one  foot. 
Length  of  long  teeth  1.25  inches  ;  of  small  ones  ,5  inch. 

CROCODILUS   StJLCIFERUS.      CopC,  Sp.  UOV. 

A  medium  sized  species  with  cranium  deeply  and  roughly  pitted.  T\w 
chief  character  is  at  present  visible  in  the  teetlu  •  The  larger  of  these 
are  of  sub-cjlindric  and  short  conic  crown,  which  is  superficially  grooved 
from  basis  to  near  apex  ;  sulci  coarse,  open. 

Al^OSTIRA   RADUIilNA.      Sp.  nOV, 

Based  on  two  marginal  bones  one  from  the  front,  the  other  from  th« 

rear,  of  the  carapace  of  an  animal  of  twioe  the  bulk  of  the  largest  A  noxtirr 

yet  found.     Apart  from  size,  the  sculpture  is  peculiar.     It  consists  in  the 

anterior  of  closely  packed  vermicular  ridges  which  run  out  Hat  on  the 

posterior  and  upper  edge.     In  the  posterior,  it  consists  of  only  closely 

placed  minute  tubercles  over  the  whole  surface. 

^    M. 

Length  front  one  on  free  edge 0.026 

Width        **  **        "         028 

Length  posterior  on  free  edge 025 

Width        ■"*  ^        ^ 025 


liECENT  MONTHLY  RALNFALL  EN  THE  UNITED  STATES.* 

By  Punt  Earle  Chase. 

{Read  before  th€  American  Philosophical  Society^  November  l«t,'1872,) 

General  Myer  has  kindly  favored  me  with  a  transcript  of  the  montlily 
reports  of  rainfall  at  the  several  Signal  Service  Stations,  from  October^ 
1871,  to  September,  1872,  both  inclusive.  The  reports  were  arranged,  at 
my  suggestion,  in  six  groups,  in  order  to  exhibit  the  local  influence  of 
proximity  to  the  great  lakes,  the  gul^  or  either  ooean,  and  of  situation 
on  opposite  sides  of  the  Mississippi  Valley,  In  the  interpolations  (whicli 
are  all  enclosed  in  brackets),  for  months  in  which  the  Bureau  received  no 
returns,  I  have  usually  given  more  weight  to  the  general  rainfall  of  the 
section  than  to  the  local  precipitation.  The  deficient  Philadelphia  re- 
port, for  October,  1871,  was  supplied  from  the  records  at  Pennsylvania 
Hospital. 

*PablUhed  by  penaiMion  of  Brigadier  Qeneral  Albert  J.  Myer,  Chief  Signal  OfBcer.  U.  8.  A. 
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Having  thus  completed  the  tabular  data,  1  computed  the  normal  per- 
c-entages  from  the  fourth  successive  means,  in  accordance  nitli  the  gene- 
ral pl&n  of  my  previous  meteorological  papers.  The  resemblance  b*- 
tween  the  lake  curve  and  the  two  interior  curves  is  more  striking,  and 
the  lake  influence  is  less  marked  than  I  anticipated  i  the  opposition  be- 
tween the  Pacific  and  interior  curves  exhibits  the  effects  of  differences  of 
temperature  between  polar  and  equatorial  currents,  in  the  air  and  ocean, 
at  opposite  seasons  ;  the  differences  between  the  Atlantic,  the  Paciflc,  the 
Oulf,  and  the  land  curves,  are  quite  as  striking  as  any  of  the  differences 
between  the  curves  of  lunar-monthly  rainfall  at  different  stations  ;  and  a 
Itirger proportion  of  the  iiolar  than  of  the  tanar  injluenoe  I'l  ditguined,  by 
aggregating  the  accompanying  six  sets  of  solar  normals,  and  tlie  seven 
sets  of  lunar  normals  in  tlie  foregoing  communication. 
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WKATBRN  IIKTKRIOR. 


(Ch^pc. 


Stations. 


1871, 
Oct. 


Nov.    Deo 


Fort  Benton... 
Virginia  City. 
Oorinne..., — 

Cheyenne , 

Denver  City... 

Santa  Fe 

Omaha 

Fort  Sally.... 
Leavenworth.. 

Duluth 

Breokenridgo. 

St.  Paul 

Davenport 

KeokuK 

St.  Louis 


(117) 

(iW) 

0.35 

0.24 

(1.07) 

-  97 

2.00 

(1.70, 

4.25 

4.10 

2.35) 

1.90 

3.19 

6.22 

2.07 


(1.16) 
(.90) 
3.22 
0.00 
(1.03) 
'.05i 
4.22 
<L72. 
3.94  I 
1.47 
:2.30 
1.41  I 
3.33 
2.89 
1.83  I 


130 
1.43 
4.04 
0.10 
(1.04 
•.01 
0.91 
(1.10 
0.73 
2.05 
1.48 
1.20 
1.01 
1.40 
1.17 


1872, 
Jan 


0.27 
1.46 
0.70 
0.02 
0.55 
0.34 
0.09 
.35 
0.13 
0.80 
(.40 
0.28 
0.13 
0.07 
0.04 


Feb.  '  Mar.    Apr.  May  Juno  July 


Aug  S«*|». 


0.34 

0.79 

2.42 

0  27  , 

0.22 

0.20 

0.43 

'.40 

0.87 

0.40 

'.eo» 

0.20 
0.10 
0.39 
1.15 


0  82 
020 
55 
0.38  , 
1.71 
0.13 
1.01 
a.OO) 
1.95 
0.86  I 
(1.41) 
1.04 
1.82  ; 
2.88  I 
2.43  I 


0.07  , 

0.35 

1.43 

1.01 

2.09 

0.14  , 

3.84 

(L78) 

2.98 

1.80 

.2.37. 

1.09 

5.00 

3.00 

3.17   I 


004 
1.78 
2.00 
1.99 
3  74 
0.45 
3.91 
2.98 
7.91 
4.62 
4.05 
5.71 
4.40 
3.70 
5.97 


1.14 
0.74 
047 
1.84 
2.07 
2.44 
0.35 
2.34 
4.76 
4.40 
5.10 
3.81 
3.78 
5.81 
4.28 


4.02 
2  73 
0.11 
3.90 
2.09 
262 
0.30 
6.48 
9.92 
5.83 
0.01 
4.23 
3.80 
0.77 
4.41 


O.Ol 
000 
1.04 
2.0.'j 
1.05 
2.98 
1.78 
1.53 
0.50 
2.84 
1.78 
3.52 
8.91 
1.97 
0.93 


l.h2 
0.2h 
0.14 
1.03 
1.57 
0.17 
3.!?4 
O.'Jl 
4.22 
5.01 
I.IM 
5.62 
b.M 
2.26 
3.45 


32.37    31.08    20.29      0.34      9.05    19.44    32.04     54.57  49.38  70.48  38  75  »5.6<i 
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Nashville 

Knozville 

Louisville 

Memphis 

PittADurgh... 
Phila<iclphia. 


1.31! 

4.28 
1-86, 
4.04' 
2  00 
4.80 


2.13 

1.05 

2.32 

2.11 

ao9 

2.01 

3.27 

2.99 

2.24 

3.04 

2.51 

3.29 

2.18 

2.20) 

141 

2.23 

1.02 

2.17 

4.24 

5.19 

3.30 

2.00'    1.85 

0.97 

1.33 

4.09 

1.57 

0.95 

1.12 

3.07 

5  91 
3.01 
8.40 
0.99 

0.88: 

2.00' 


3.09 

2.80; 

4.49 

4.101 

2.01! 

3.15, 


5.n; 

0.08' 
0.19 
4.44 
2.35 
4.29 


4.90 
2.29 
3.07 
4.23 
7.70 
9.20 


1.05 
0.27 
2.45 
0.54 
2.81 
7.81 


4.50 
4  41 

:i.6J 

2M 
3.66 


19.00>    16.87     13.40  12.40  1 12.94      17.73    28.39.20.30,29.12  31.99  21.53  22.62 


Portland,  Me... 
Boston 

0.55 

5.88 

New  London.... 

New  York 

Baltimore 

Cape  May 

Washington ... . 

Lynchburg 

Norfolk 

835 
7.07 
311 
4.91 
1.50 
1.00 
4.14 

Wilmlngfon..  .. 

Charleston 

Savannah  

Augusta. 

Jaoksonviile.^.. 

3  02 
4.70 
3.55 
1.02 
3.02 

59.08 

/.TLAKTIC  aTATIONS. 


0.37 

0.42 
5.50 
3.70 
324 
0.42 
4.85 
3.70 
5.70 
440 
4.09 
2.22 
7.78 
3.03 


3.00 

0.77  i 

0  35! 

1.44 

1.00 

3.23; 

6  95, 

2.87 

6  97 

3.12 

3  38 

2.11 

2.31! 

4  05 

1.31 

3.i:9i 

4.84 

4.00 

10.68 

6.04 

2.78 

2  40 ; 

0.90 

2.93 

2.30 

3.10! 

2.781 

5.35 

6  06 

6.1»8 

1.19 

2.34I 

144 

3.93 

2  49 

2.25. 

2  93 '•9.30 

6.08 

3.44 

1.90 

0.88 

1.40! 

3.U0 

300 

1.44 

4  10 

1  58 

4  50 

5.06 

2.90 

2.99 

2.99 

0.01 

0.92 

150 

2.15 

3.27 

3.09 

4.51 

1.30 

0.23 

0.93 

3.22 

1.74 

1.43 

2.78 

0.82 

5  72 

a  92 

1.12 

2  08 

1.99 

4.24 

3.20 

3.15 

2.53 

1.50 

227' 

1.20 

2.18 

2.01: 

7.33 

4.51 

3.53 

6.08 

5.0d 

3.03 

3.20 

2.4<i 

3.90 

3  02' 

5.20 

0  42 

0.97 

480 

2.87 

5.54  11  15 

H22 

3.07 

3.78 

5  13 

9.78 

2.40 

0.30 

1.87 

230 

7.81 

7  88 

1.59 

2.09 

4.05 

10.18 

2.75 

5.22 

9.52 

4.36  12.31 

3.52 

5.98 

4.20 

5.87; 

10.88 

2.9'» 

5.3d 

4.77 

6.87 

4.10 
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2.05 
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2.70 

7.32 

2.39 

1.25 
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0.41 

1 

10.05 

59.08    08.20    87.00    33.90    43.31    78.57    31.07  48.15  59.18  54.53  90.44  68.3:i 


Normal  Percentage*  of  Rainfall. 
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39 

39 

04 
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140 
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102 

138 

112 

98 

83 

59 


05 

73 

93 

111' 

122 

132 

133 

120 

100 

93 

81  i 

70 


93 

94 

96 

97 
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98 

98 

99 
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99 

97 

98 
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100 
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\iX\ 
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104 
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•  Tho  twelve  normal  orAlnaten  of  the  Moan  Lunar  curve  aro  nbtalnod  from  ' '  Affgrf^Kate  B. ' 
in  the  "  N»rm;il8  of  Lnnar-Monthly  Rainfall.  "  The  affffregaton  for  two  and  a  half  dajri*  are 
added  toirether,  to  obtala  ttie  ■oriaat  affirreirate  for  ooe-twelfch  ef  a  month,  and  the  normal  per- 
eentagex  computed  from  the  reiialtH.  B.  k.  ;  the  lat  day.  added  to  three -fourth.H  of  thp  nnm  or  the 
90th  and  2d  day*,  irives  the  normal  agsreffate  for  the  Isttwelflh;  the  3d  and  4th  days,  added 
to  one-fourth  of  the  aaa  of  the  3d  and  6th  days,  gives  the  normal  aggregate  for  the  2^  twelfth 
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lunAr-cyclictal  rainfall  in  the  northern  tem. 

perate  zone. 

•     By  Pliny  Earle  Chase. 

(Read  htfort  the  American  PhiloMophieal  Society y  Nov.  1^  1872.) 

My  discussions  of  lunar-monthly  rainfall^  (anUj  x.,  439^  583 ;  xi.,  203 ; 
xii.,  179,  528,)  embracing  aI)servationK  in  Eui^ope,  Asia  and  America^near 
eastern  and  western  shores  of  oceans,,  in  regions  of  monsoons  and  return 
tnide-winds,  near  equatoiial  aiid  polar  currents,  seem  to  be  sufficiently 
varied  in  their  character  to  justify  a  first  approximation  to  the  normal 
t'urve  for  the  Northern  Temperate  Zone.  The  stations  are  so  well  dis- 
trihuted  that  the  intlucnce  of  local  '-^establishments ''  must  be,  to  a  great 
«;xtent,  eliminated,  and  it  seems  reasonable  to  presume  that  the  residuaW 
repixjsent,  with  some  degree  of  accuracy,  the  precipitation  whidi  is  oGca> 
sioiied  by  the  lunar  modifications  of  the  average  atnK>spheric  currents. 
I  have  given  equal  weight  to  the  normals  for  each  station,  but  as  the 
I'^oronto  observations  cover  only  nine  years,,  and  those  at  Chiswick  are  of 
tlie  same  general  character  as  those  at  Surrey,  I  give  two  complete  aggre- 
gates :  A.,  embracing  stations  2  to  0  inclusive,,  and  B.,.  2  to  8  inclusive  ; 
and  one  partial  aggregate,  C,  for  all  the  stations. 

NORiVIALS  OF  L»UNAR-M(>NTHL»Y  RAINFALL. 
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Kach  of  the  complete  aggregates  indicates  an  excess  of  rainfall  during 
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the  half-month  of  lunar  opposition  ;  a  pretty  regular  increaso  of  i-aiii 
from  the  first  uctant,  \%hen  the  moon  is  on  the  meridian  at  the  time  of 
greatest  solar  heat,  until  nearly  the  fifth  octant,  when  Iter  direct  merid- 
ional influence  is  exerted  at  the  time  of  morning  low  barometer  ;  average 
rain  when  that  inlluence  is  felt  at  sumset,  or  at  the  m(n*ning  barometric 
maximum  ;  a  principal  maximum,  near  the  morning  bai'ometric  minimum, 
and  a  principal  mininmm  near  sunrise,  when  the  nocturnal  precipitation 
is  over ;  other  minima  smm  after  sunset,  after  the  maximum  he^it  of  the 
day,  "iud  after  midnight.  These  features  all  seem  so  natural  and  so  sim- 
I>ly  explicable,  that  I  am  unable  t^  regard  them  as  other  than  typical. 

I  regret  that  Mr.  Hennessey's  (ibservations  at  Mussoorie  were  commu- 
nicated only  for  the  days  of  quarterly  change.  They  appear  to  indicate 
a  curve  still  morc  strikingly  similar  to  that  of  the  solar-hourly  rainfall. 
Hn<l  the  indication  is  corroborated  by  their  influence  on  the  general  aggre- 
gates, a«  shown  in  Aggregate  C. 

It  would  be  )K)ssible,  even  with  the  data  now  at  my  command,  to  form 
interesting  appn»ximations  to  the  normal  lunar  curves  for  each  calendar 
month,  but  I  prefer  to  wait  for  observations  from  a  much  larger  number 
<»f  stations,  before  undeitaking  any  more  minute  calculatiims  than  I  have 
embodied  in  the  accompanying  table.  Even  these  normals  may  be  em- 
])loyed  in  connection  with  barometric  and  thermometric  nonnals  in  the 
study  of  weather  changes ;  provided  such  allowances  are  ma<le  as  are 
obviously  re<juired,  for  the  blending  of  currents  over  or  near  the  great 
Lakes,  the  Gulf,  and  the  ocean.  Such  limited  use  of  thoin  as  I  have 
already  made,  has  strengthened  my  ctmviction  that  the  day  is  not  far 
distant  when  the  normal  lunar  influence  will  be  ranked  among  the  im- 
portant elements  fi>r  calculating  the  disturbances,  and  the  tendencies 
towards  equilibrium,  which  determine  all  meteorological  fluctuation.s 
and  render  satiiffactory  forecasts  piiicticable. 


Stdtt'd  Meeting y  Noveinhrr  1,  1872. 

Present,  16  njcniber?. 

Vice-President,  Mr.  Fraley,  in  the  Oliair. 

The  liev.  Mr.  Nichols,  a  newly  elected  nienil)cr,  was  jjre- 
sented  to  the  presidini]^  officer  and  took  Jiis  seat. 

A  circular  letter  in  reterence  to  a  new  table  of  lo<rarithnis 
was  received  from  Mr.  p]d.  Ssan^r,  dated  Xo.  2  (Tre()rt::e  street, 
Kdinhorongh,  Oct.  15th,  1H72. 

A  letter  was  received  from  Dr.  William  Elder,  addrossiMl 
to  the  Curatoi-s,  dated  No.  1824  Mount  Vernon  Street,  Phil- 
a<lelphia,  Oct.  31st,   1872.     On   motion    the  ('urators   were 
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(leHired  to  acknowledge  the  donation  of  the  Bushrod  Wash 
ington  Chair,  described  in   the  letter,  and   to   return   the 
tlianks  of  the  Society  for  the  same. 

Letters  of*  acknowledgment  were  received  from  the 
Rhode  Island  Historical  Societj^  (Proc.  88)  and  Yale  Col- 
lege Corporation  (Proc.  88). 

Donations  for  the  Library  were  received  from  the  Revue 
Politique,  and  London  Nature,  the  Grcological  Survey  of 
Xew  Hampshire,  Silliman's  Journal,  and  the  Franklin  In- 
stitute. 

The  Committee  to  which  w^as  referred  Mr.  Lyman's  niaj* 
jind  description  of  the  Staley's  Creek  Iron  Ore  District,  re- 
l>ortcd  in  favor  of  its  publication  in  the  Transactions.  The 
report  was  accepted  and  the  publication  ordered. 

The  Committee  to  which  was  referred  Mr.  Gabb's  Memoir 
on  the  Geology,  &c.,  of  Santo  Domingo,  reported  in  favor  of 
its  j>ublication  in  the  Transactions.  On  motion  the  report 
was  accepted  and  the  publication  ordered. 

The  death  of  Mr.  Constant  Guillou,  at  Philadelphia,  the 
20th  ult.,  was  announced  by  the  Secretary. 

Mr.  James  desiix^d  to  place  on.  the  minutes  that  he  had 
duly  returned  the  M8S.  letter  of  Dr.  Franklin  and  the  map 
accompanying  Pursh's  MSS.,  Botanical  Journal,  which  he 
had  been  permitted  to  borrow-  from  the  library. 

Dr.  Emerson  exhibited  one  of  the  bricks  of  a  chimnev 
scjittered  by  lightning  in  the  storm  of  the  25th  ultimo;  a 
<*irnnney  belonging  to  a  house  in  which  he  was  sleeping  at 
the  time. 

Mr.  Lesley  desired  to  place  ou  record  authentic  data  re- 
s|KH*ting  fourteen  oil  wells  sunk  by  the  Brady's  Bend  Iron 
(V)mpany,  at  and  near  their  works,  on  the  Allegheny  River: 
and  explained  the  importance  of  facts,  so  obtained,  when 
Comparable,  in  view  of  the  general  inaccessibility  of  the 
Sub-carboniferous  fonnations  underlying  the  Oil  Regions.  A 
(lisiuission  ot  oil  theories  and  of  the  history  of  the  oil  dis- 
roveries  followed,  in  which  Mr.  Lyman,  Mr.  Gabb,  Dr.  Le 
(.'onto,  and  other  members  took  part. 
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Mr.  Chase  offered  for  publication  in  the  Proceeding  a 
first  ai)proximation  to  a  curve  of  Normal  Temperature  iu 
the  Northern  regions  of  the  Continent. 

Mr.  A.  H.  Smith  described  his  observations  of  the  8u}>- 
alpine  botany  of  the  North  Shore  of  Lake  Superior,  in  the 
Summer  of  1871,  and  of  ifs  absence  in  the  Lake  Nibbegong 
region,  further  north,  which  he  lia<i  explored  in  the  Summer 
of  1872 ;  this  cliange  of  flora  he  was  led  to  ascribe  to  the 
tact  that  the  waters  of  Lake  Suf)erior  were  much  colder 
than  those  of  Lake  Nibbegong.  His  collection  of  mosses 
he  had  placed  in  the  hands  of  Mr.  James  for  examination. 
He  described  the  ascent  of  the  Nibbegong  River  and  the 
thousand  islands  in  the  lake  itself,  which  has  scarcely  been 
visited  by  any  observers  who  could  report  scientific  facts. 

Mr.  Gabb  instanced  an  analogous  change  of  flora  from  the 
coast  to  the  interior  of  the  northern  part  of  Lower  Cali- 
fornia. 

Dr.  Lc  Conte  said  that  he  would  assign  a  hygro-metric 
cause  for  this  difference,  and  added  that  a  similar  difference 
was  known  to  exist  between  the  faunse  of  the  coast  and  the 
interior  as  far  across  as  to  the  banks  of  the  lower  Rio 
Grande;  and  that  the  line  of  distinction  was  sharp  and 
sudden,  being  drawn  along  the  summit  of  the  coast  range 
of  mountains,  a  barrier  not  more  than  3000  feet  high  at  the 
place  to  which  he  referred.  It  was  evident  that  the  wet 
winds  of  the  west  flank  of  this  barrier  and  the  dry  air  of 
its  eastern,  which  made  tbe  change  in  flora  and  fauna. 

Professor  Haldeman  introduced  the  topic  of  the  Rhyme- 
law  of  the  Sonnet  in  European  literature.  He  had  made 
extensive  collections  of  Sonnets  and  studied  their  construc- 
tion for  the  purpose  of  discovering  a  normal  rhyme  arrange- 
ment. So  far  from  that,  he  had  already  tabulated  600  (six 
hundred)  arrangements  of  the  sonnet  with  a  prospect  of 
adding  to  his  tables  more. 

Pending  nominations,  Nos.  703  to  707  were  read. 
And  the  meeting  was  adjourned. 

A.  p.  S. — VOL.  XII. — 3b. 
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A  Record  of  Fourteen  Oil  Wklls  at  Brady's  Bend,  Armbtrono 

County,  Pennsylvania. 

By.  J.  P.  Lesley. 

{Head  before  the  American  Philosophical  Soeieti/,  Phila.y  NoVy  1«/,  1872.) 

Having  recently  requested  Mr.  Persifor  Frazer,  Assistant  Professor  of 
Cbcniistry  in  the  University  of  Pennsylvania,  to  examine  for  new  esti- 
mates of  quantity  the  coal  areas  which  have  escaped  erosion,  in  the 
country  on  the  two  sides  of  and  closely  adjoining  tiie  Allegheny  River, 
at  tlie  remarkable  ox-bow  bend  in  its  course,  70  miles  above  PittsbiutDrh 
and  00  miles  below  Oil  City  ;  he  brought  back  with  him  a  M88.  report  of 
of  the  wells  bored  by  the  company  on  the  river  banks  and  along  the  beds 
of  the  ravines  descending  to  it  from  the  west.  We  owe  this  report  to  the 
kindness  of  Stephen  Ilalbrook,  Esq.,  Superintendent  of  the  Brady's  Bend 
Iron  Works. 

It  is  needless  to  recapitulate  the  hi.story  of  the  oil  discoveries,  and  the 
gradual  cxtensir)u  of  the  oil  producing  districts  from  Titusville  and  the 
line  of  Oil  Creek  eastwarti  to  the  Tidioute  district,  southeastward  to  the 
Clarion,  westward  to  French  Creek,  and  southward  via  Oil  City,  Franklin, 
Parker's  Landing,  and  Brady's  Bend,  to  the  neighborhood  of  Butler, 
where  the  last  discovery  excitement  is  now  raging.  It  is  only  necessary 
to  refer  to  my  report  on  the  geological  grounds  for  believing  the  middle 
All^heiiy  River  districts  to  be  productive  oil  country,  published  in  tlie 
ProceediniTS  of  this  Society,  in  1865.*  In  that  paper  I  have  sufficiently 
des(;ribed  the  loaile  of  the  wells  now  to  be  described.  These  recoixls  may 
also  be  compared  with  similar  records  communicated  to  the  Society  and 
published  in  its  Proceedings  of  April,  1865. 

The  "  Engineers'  Datum"  of  the  following  table  is  an  assumed  level, 
one  hundred  feet  lower  than  a  mark  made  on  the  Brady's  Bend  Iron  Com- 
pany's warehou.se,  on  the  river  bank,  showing  the  extreme  height  reached 
by  the  great  and  disastrous  freshet  of  March  17,  1865. 


Height  of 

well 

mo'itli 

above 

Depth  below 

FIrat  yield  la 

Knj<. 

UfVlh  of 

river,  hiiehcsl 

barrels 

No. 
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well. 

water  m<trk. 

per  day. 

1. 

.   00  feet. 

i» 

• 

? 

.  'J:52 

1,403 

1,268 

8. 

.   97.02 

1,111 

1,113 

5  i  bbls. 

4. 

.   97.00 

1,202 

1,264 

5. 

.ioo.;u 

1, 105 

1,105 

7  bbls. 

6. 

.:U)0.48 

1,290 

1,090 

5i  bbls. 

7. 

.4:17-41 

1,414 

1,077 

9  bbls. 

8. 

.:no.l8 

1,345 

1,066 

840  bbls. 

9. 

.101.38 

1,005 

1,066 

4k  bbls. 

10. 

.:m().27 

1,300 

1,070 

Ibbl. 

11. 

.111.13 

1,200 

1,189 

1*3. 

.210.50 

1.212 

1,095^ 

12  bbls. 

13. 

.42().3S 

1,402 

1,076' 

3  bbls. 

14. 

.359.80 

? 

Present  ylfld 
per  day. 

1  bbl. 

no  Hand  rock. 

1  bbl. 

abandoned. 

2  bbls. 

4  bbls. 

8  bbls. 

150  to  200  bbls. 

3    bbls. 

ahtindoned. 

powerful  gan  bloir. 

'  13  bbls. 

2  bbls. 

to  he  sunk  to  4th  sand. 
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From  the  above  table,  it  appears  that  all  the  oil-producing  wells  men- 
tioned in  it  get  their  supply  from  one  stratum  lying  in  an  undisturbed 
And  liorizontal  position,  varying  in  tlteir  actual  depths  below  a  fixed 
datum  level  from  1,11S  to  1,0(W  feet,  a  difference  of  only  40  feet.  This 
difference  is  due  to  three  causes,  viz.  : — ^1.  The  different  deptlis  in  the 
oil-l^esring  stratum  peneti-ated  by  the  bottom  boi'in;;  of  tlie  wells ; 
*2.  The  sliglit  inequalities  in  the  up|>er  surface  of  the  stratum  ;  I  J.  And 
diiefiy,  to  a  general  slight  dip  of  the  rocks,  both  from  the  noi-thwest  and 
from  the  southeast,  in  towards  the  centre  line  or  axis  of  the  tix)ugh  or 
basin  which  here  ci'osses  the  Allegheny  River  in  its  northeast-southwest 
course  ;  and  also  to  a  still  slighter  and  almost  insensible  decline  of  the 
axis  of  the  basin  itself  south  westward. 

The  table  also  confirms  what  was  proven  years  ago,  long  before  the  fact 
was  acknowledged  by  oil  men,  namely,  that  it  makes  no  difference  wliether 
a  well  is  started  in  the  valley  bottom  or  on  the  hill  tops,  provided  it  gjKJS 
down  to  the  uniform  and  nearly  horizontal  oil-bearing  sandrock.  For 
sioiue  of  tliese  wells  have  their  mouths  at  elevations  more  than  5^00  feet 
greater  than  others.  Some  on  the  river  bank,  and  others  hi^^h  up  at  the 
heads  of  side  i-avines.  The  great  No.  8  well  was  commenced  at  an  eleva- 
tion 379 — 06=)  283  feet  higher  than  those  on  the  river  bank  which  yield 
only  from  one  to  three  barrels  a  day. 

Tlie  following  table  shows  the  thickness  of  the  third  sandrock  where  it 
was  passed  entirely  through  : 

No.  2. — No  sandrock  found  and  no  oil. 

No.  4. — Santlrock,  26  feet ;  hard  fine  white  sand. 

No.  5. — Sandrock,  27  feet ;  fine  j^ebbles. 

No.  6. — Sandrock,  16  feet ;  with  slate  partings. 

No.  7. — Sandrock,  27  feet ;  pebbles  pretty  coarse. 

No.  8. — Sandrock,  very  coarse  and  open. 

No.  9. — Sandrock,  pebble  vei*y  fine  and  close,  very  little  gas. 

No.  10. — Sandrock,  10  feet ;  pebbles  pretty  fine,  except  in  one  thin 
streak. 

No.  11. — To  sandrock,  no  oil,  but  great  gas  blow,  doubtless  from  a 
iissure. 

No.  12. — Sandrock,  17  feet,  all  pebbles  ;  steady  flow  of  oil. 

No.  13. — Sandrock,  13  feet ;  coarse  open  pebbles ;  and  a  fair  amount  of 
gas. 

No.  14. — Sandrock,  13  feet ;  large  coarse  pebbles  ;  fair  amount  of  gas. 
Other  noteworthy  facts  are  as  follows  : 

No.  1  well,  on  the  river  bank,  one  half  mile  above  the  rolling  mill, 
begun  Man^i,  1865,  finished  1866. 

No.  2  well,  at  the  mouth  of  Cove  Run,  May,  1866— .lune,  1870. 

No.  8  well,  on  the  river  above  the  mill,  commenced  August,  1868 — 
pumping  in  September,  1872,  1  barrel  a  day. 

No.  4  well,  on  the  river  above  the  mill.  May,  1869 — ^March,  1870.  Cost 
$10,405.     Record  of  strata  given  below. 
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A   Kkcori)  ok  Koihtkkn  Oil  Wki.ls   at   Br\i>v"s  Hknp.  Abmct* 

Ci>i:xTY,  Pennsylvania. 

Hy.  J.  P.  Lfhlky. 

H'-fd  }n\t'in'f:  ihf  Arnrrintn  Pkihmnphical  Snrirljfy  Philit.^  \or,  1 

Huvinj;  rt'CMMitly  r('<nu»«ti*<l  Mr.  T^ersifor  Frazer,  A*wistiint  I* 
r-ht'niistrv  in  tlic  I'liiverKity  of  PeiiiiHylvaniu,  to  examine  f 
inati's  (»r  tpiaiitily  the  cnnl    aivas   wliicli  have   es(:a|)0(l  ur 
i;oinitry  on  tin-  two  sides  of  and  i'h>so1y  acyoinin^  the  All 
at  Uh>  ivni;ii'kahlt>  ox-Uiw  ImmhI  in  its  coursOf  70  iiiileH  ab 
aii'l  lio  miles  InIow  (»il  City  ;  he  bnm^ht  back  with  liim  r 
ot'  tlte  Wills  liiMvd  hy  the  cuiniKiiiy  on  the  river  haiikK  ai 
i»r  till-  ravines(leM'«  iidin;^' to  it  from  the  west.     We  awe 
kindness  (if  Stej>Iien  llalhrook,  ¥lm{.,  Sujicrinteiident  o 
Iri>n  Woiks. 

Ii  is  needless  i<i  reo;(]»itulate  the  history  of  the  oil 
i;r.id(i:d  oxtensi  >n  of  the  oil  produoiiij^  districtfl  fro 
liii"  iif  Oil  (  reek  eastwanl  to  the  Tidioute  district, 
Clarion,  westward  lo  Freiieh  CixHik,  and  southwan' 
Parker's   L.mdin;^,   and   Hrady's  l)end,  to  the  P 
where  the  last  discovery  excit^'inent  in  now  rajfi" 
t4»  icivr  tti  my  report  on  the  ^eolo^rical  grounds 
Alle*dieny  Kiver  diMriets  to  1>e  pi'o<hictive  oil 
]*it»e 'idin'^r.N  ,»f  this  Society,  in  ISliT).*    In  tha 
de>«"rihed  the  f>h'nh-  of  the  wells  now  to  Iw  de' . 
also  1m>  compared  with  similar  riMtords  ooini 
puitlislu>d  in  its  Pnu'eedin^s  of  Apiil,  1865. 

The  ••  Kn;;iiuers'  Dattim'-  of  the  follow' 
.;/y^  hnii'hwl  I'nt  Inin,:r  than  a  mark  made  • 
j)any's  warelmuse.  on  the  river  hank,  Rho« 

hy  the  «;re.it  and  disastrous  fn^shet  of  M         jg)«  fO,  1871— May  2S,  l^W', 

,  fUrd  nnd  at  1,300  feet,  put  i« 
f  i«y  little  effect    Band  pumpeA 
^  #1  flllad  up  witH  lem  than  a  bar- 
it  was  uaeloss  to  tube  her. 
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No.  5  well,  on  the  river  above  the  mill,  June,  1869— April,  1870.  At 
931  feet  struck  so  powerful  a  gas  vein,  that  the  bore-hole  was  deluged 
with  water  and  abandoned  for  four  months.  In  June,  1871,  a  thi'ee  quart 
nitro-glycerine  torpedo  was  exploded  without  increasing  the  production 
of  oil.     Til  3  pebble  rock  was  almost  as  Ane  as  sea-sand. 

No.  6  well,  on  Queenstown  Run  ;  August,  1870 — April  5,  1871 ;  drilled 
with  the  water  eased  out ;  all  the  previous  wells  were  drilled  in  water : 
casing  eommcneed  at  357  feet ;  not  much  gas. 

No.  7  well,  on  Queenstown  Run  ;  August  7, 1870 — ^>Iareh  1, 1871 ;  water 
cased  out  at  512  feet ;  some  gas  at  1,050 ;  commenced  pumping  about  9 
barrels  a  daj',  and  has  produced  up  to  September  7,  1872,  4,133  barrels. 

No.  8  well,  on  Queenstown  Run  ;  June  26,  1871 — September  22,  1871 : 
water  cased  out ;  first  show  of  oil  September  23,  and  began  to  fill  up  very 
slowly.  At  12.35  A.  M.,  September  23,  struck  a  vein  of  gas  and  oil 
which  spouted  over  the  top  of  the  derrick,  and  was  fired  by  the  night  lamp 
hung  in  the  derrick,  burning  the  rigging  down.  The  spouts  occured 
every  two  minutes.  At  9  A.  m.  the  fire  was  extinguished  and  the  oil 
began  to  fill  the  tank  at  the  rate  of  35  barrels  an  hour,  but  gradually 
calmed  down  to  about  60  baiTels  a  day  during  the  first  month,  and  October 
22  ceased  to  flow.  Jubeing  and  sucker  rods  were  then  put  in,  and  she 
began  to  flow  again  at  the  rate  of  150  barrels  a  day. 

This  well  has  been  cleaned  out  many  times  to  keep  her  in  good  running 
order.  Immediately  after  any  one  such  cleaning  she  produces  from  70 
to  90  barrels  a  day,  and  gradually  falls  off  to  about  20  to  25,  when  it  ia 
understood  that  she  again  needs  cleaning.  In  fifty  weeks  she  iias  pro> 
duced  9,505  barrels.     There  is  not  much  gas  except  when  flowing. 

No.  9  well,  on  the  river  opposite  Catfish  ;  June  24,  1871 — October  24. 
1871;  water  cased  out ;  cost  $5,750. 

No.  10  well,  on  Lower  Campbell  Tract;  July  10,  1871— May  23,  1872: 
water  cased  out.  After  passing  through  third  sand  at  1,300  feet,  put  in 
a  4  quart  torpedo,  which  seemed  to  have  very  little  effect.  Sand  pum)>od 
for  two  days  afterwartls  and  found  tliat  she  filled  up  with  less  than  a  bar- 
rel of  oil  per  day,  and  therefore  concluded  it  was  useless  to  tube  her. 
Not  much  giis  at  any  time. 

No.  11  well,  on  river  half  mile  below  the  mill ;  August  24,  1871 — June 
24,  1872  ;  water  eased  out  at  437  fleet,  Struck  very  heavy  vein  of  gas  at 
858  feet 

The  gas  from  this  well,  by  calculation,  would  supply  fuel  to  run  the 
rolling  mill  and  machine  shop  boilers,  being  therefore  equal  to  100  t<»nft 
of  coal  per  week. 

The  pressure  of  gas  would  sometimefi  lift  the  tools  20  or  30  feet  in  the 
hole,  tools  weighing  1,700  pounds  and  rope  300  pounds.  The  flow  of  ga^ 
is  enormous  and  continuous. 

No.  12  well,  on  Queenstown  Run;  December  9,  1871 — April  12,  1872; 
'H'ater  cased  out  at  394  feet     Struck  heavy  vein  of  gas  February  2,  at 
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725  feet,  which  caused  a  How  of  water  until  March  1,  when  casing  was 
put  in  and  the  water  stopped  off. 

Struck  oil  at  the  top  of  third  sand  April  4,  ^t  1, 183  feet,  the  rock  being 
nearly  all  good  pebble  rock  ;  after  passing  tlirough  it  (1,200  feet)  drilled 
12  feet  into  slate  for  a  pocket ;  tubed  well  April  12  ;  commenced  pumping 
12  barrels  a  day,  and  the  well  is  now  doing  13  barrels.  Much  gas  all  the 
time.     Cost  16,557. 

No.  13  well,  on  Queenstown  Run;  January  2,  1872— May  8,  1872; 
water  cased  out  at  290  feet.     Best  show  of  oil  at  1,390.     Cost  $6,071. 

No.  14  well,  on  Queenstown  Run;  June  11,  1872 — September  2,  1872; 
water  cased  out  at  227  feet.     Little  oil  in  third  sand  ;  will  push  it  dee])er. 

It  only  remains  to  give  vei*tical  sections  of  the  Measures  passed  through, 
premising,  that  the  Great  Conglomerate  No.  XII,  the  base  rock  of  the 
Coal  Measures  forms  the  low  cliffs  at  water  level  in  the  river  valley  ;  all 
the  hills  being  built  up  of  the  nearly  horizontal  Lower  t/oal  Measui-es  or 
Allegheny  River  System,  and  the  underground  of  Sub-Carboniferous  and 
Devonian. 

The  following  records  of  wells  No.  4  and  No.  0  of  the  foregoing  descrip- 
tion were  made  from  labels  on  sample  bottles,  marked  daily  by  the  well 
drillers,  and  are  not  supposed  to  be  perfectly  reliable,  but  arc  neverthe- 
less for  the  most  part  accurate  notations  of  the  character  of  the  Sub-car- 
boniferous and  Upper  Devonian  Measures  })enetrated  in  reaching  the 
oil-l)earing  strata. 

RECOKD  OF  OIL  WELL  NO.  4. 

Struck  the  *^  mountain  sandrock^'  at  a  depth  of  50  feet. 

(iot  through  it  at 240  feet. 

Grey  sand  at 898 

Grey  sand  at 933 

Gi-ey  sand  at 940 

Dark  gray  sand  * 944 

Black  slate /. 947    ** 

Dark  rock 952   ** 

Dark  rock • 955   ** 

Gray  sand 965    ** 

Slate  rock 976   '* 

Black  rock 992    ** 

Black  sand 998    ** 

Grey  sand 1,008   «* 

Grey  sand 1,003 

Blue  sand,  hard 1,005 

Black  sand,  hard 1,008 

Blue  sand,  pretty  hard 1,012 

Slate  rock 1,015 

Hard  sand 1,038 

Sand 1,085 
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Bandrock 1,100  feet. 

lied  sandstone 

Black  sand 

Grey  sand 

Gi-cy  sand ^ 

Mud 


Blue  slate. 
Soft  slate. 
Soft  slate. 
Shelly.... 


Slate 

Slate  rock. 
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1, 
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Blue  slate 1 
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Shelly  rock, 
Slate  rock . 
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Shelly  rock , 

Traces  of  oil 

Slate 1 

Slate  rock 1 

Dark  slate . .' 1 

Slate — well  abandoned  at 1 


126 
140 

141 
14:^ 
144 
145 
14(i 
147 
148 
150 
152 
162 
165 
172 
176 
181 
188 
191 
194 
197 
211 
220 
235 
248 
252 
200 


<* 
t* 

t4 
it 

t4 
«i 
«» 
44 
4* 
44 
44 
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»4 
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44 


UECOIiD  OV  WKLI.  NO.  5. 

Struck  the  mountain  sandrock  at 4f) 

Got  through  it  at  215 

Grey  sand :J50 

Slate  rock 400 

440 

Soft  slate  rock 400 

Grey  rock 49O 

Slate  rock 5IO 

Slate  shells 53O 

Slate  rock 500 

580 

620 

Shell  rock 640 

Slate  rock 060 

670 

61M) 

710 


feet. 
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Sandrock # 715  feet. 

»<       720   ** 

••       im   •* 

Slate  rock 745    ** 

Red  rock 7^0   " 

Pebble  rock 775    " 

Sandrock 779    ** 

**        78()    " 

**        7»0    ** 

Slate  rock 7115 

Sandrock 805 

Red  rock — 

Grey  sand 808   ** 

Sandrock 812    •* 

815    • • 

820 

822 

824 

826    ** 

Red  rock — 

White  sand 825 

Rock 8:iO 

**    840   ** 

Grey  sand 844    ** 

847    *♦ 

**        848   •* 

Sandrock 850 

Blue  rock 855 

Sandrock 800 

Black  sai^ 865    *  • 

Sandrock 896   ** 

**         930   ** 

Red  rack — 

Sandrock 9:19   *• 

"        '. 94^1   •* 

* 941    •* 

•* 943   *• 

Shelly  rock 948   ** 

"         951    *• 

**         954   *• 

Slate  Rock 965 

Bid  rock 972 

Hard  sand 986 

Soft  sand 998 

Dark  rock 1,018 

Bed  eandrock 1,026 
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Slate l,050f€et. 

Shelly  rock ! 1,055  " 

THIRD  SAND  rock 1,078  * 

Sandrock 1,076  " 

1,078  «' 

Slate  and  shelly 1,084  '* 

Pebble  rock 1,085  «* 

"        1,090  '• 

Sandrock 1,092  ** 

'*        Tubed  well 1,100  " 

and  began  pumping  about  7  barrels  in  24  hours. 

It  is  a  pity  that  the  above  records  are  so  defective.  The  intervals 
between  the  numbers  given  are  in  many  cases  large  and  not  noted,  and 
must  not  be  taken  as  the  thicknesses  of  the  rocks  named. 

There  is,  however,  a  positive  value  in  all  such  records,  however  defective, 
as  may  be  noted  by  the  recurrence  of  the  red  rocks  in  the  above  lists. 
These  may  define  the  position  of  the  great  red  formation  of  the  Palieozoic 
series  No.  IX  of  the  Pennsylvania  State  Survey,  the  representative  of  the 
Old  Red  Sandstone  of  English  geologists,  and  the  Catskill  Formation  of 
the  New  York  geologists. 

In  Well  No.  4  it  is  noted  once  only  as  being  struck  at  1,126  feet. 

In  Well  No.  5  it  appears  at  750,  805,  826,  930,  972  and  1,020  feet. 

The  thickness  of  the  Conglomerate  No.  XII  is  accurately  determined 
in  Well  4  at  190  feet,  and  in  Well  5  at  170  feet. 

The  thickness  of  the  (\mglomerate  No.  XII  in  the  salt  well  45  miles 
further  down  the  river,  as  determined  (not  with  entire  accuracy;  from 
the  Record,  published  on  p.  65,  vol.  X.,  of  the  Proceedings  A.  P.  S., 
April  1865,  is  404i  334 J  -  160  feet ;  or,  if  the  top  of  XII  be  placed  at 
the  "White  Sand"  440i  and  all  the  **Gray  Sandrocks"  be  included 
down  to  066"!  1,  —  220  feet. 

At  Sligo  Furnace  on  the  Clarion  (p.  63,  vol.  X.),  the  Conglomenitc  No. 
XII,  seems  to  be  only  117  feet  thick,  soft  rod  slate  of  XI  under  it  only 
3  feet  thick,  and  the  red  and  blue  slates  of  IX  lie  786—183  —  603  feet 
below  its  base,  or  720  feet  below  its  top. 

The  resemblance  of  this  tti  the  i*ecord  of  Well  No.  5,  given  above,  is 
▼eiy  observable.  Thu^,  in  Well  No.  5,  the  red  rocks  of  IX  are  first 
struck  at  750 — 45  ---715  feet  beneath  the  top  of  the  Conglomerate. 

In  the  Sligo  Well  (15  or  20  miles  to  the  northeast  of  it),  the  top  of  the 
red  rocks  is  786 — 66  —  720  feet  beneath  the  top  of  the  Conglomerate. 

In  the  Well  No.  5,  the  redrocks  are  noticed  at  intervals  from  750  U» 
1026  —  276  feet. 

In  the  Sligo  Well,  the  red  rocks  occupy  an  interval  of  only  118  feet.. 

It  must  be  taken  into  consideration,  however,  that  the  lowest  red  rocks 
of  the  well  No.  5  may  represent  not  No.  IX,  but  the  Red  Beds  of  Vlll, 
describetl  in  my  rej)ort  to  Professor  II.  D.  Rodgers,  in  1841,  and  pub- 
lished in  his  Final  Report  <.ff  the  Geology  of  Pennsylvania,   under  the 
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d  of  the  Geology  of  the  Wellsborough  Valley  or  Tioga  River  Distrift 
B  Tioga  County.  To  trace  the  thinning  awiiy  of  theao  oiilcifei-oiiR  and 
jbrriforons  red  beJaof  VIII  iLowaiDlviinianl  on  their  way  towards  Ohio. 

iderground,  is  one  of  tho  deaidemtn  of  American  j^tKiIugy. 
[   Other  well-boring  I'words  are  publislied  on  pages  327  tl'.  vol-  X,  Pimc. 
-  P.  8.,  hut  most  of  them  are  confined  to  tlio  Coal  Heaeuros.     Those  on 
38  ff,  however,  penetrate  the  Devonians  to  considerable  deptlis  and 
ff  tho  red  rocbs  in  positions  analogous  to  those  described  above. 
I  one  well,  at  the  Lead-viaters  of  the  (laiiou,  tho  mouth  of  the  well 
ig  370  foet  below  a  coal  bed.  aud  also  below  the  bottom  of  XII,  the 
I  rocks  of  IX  (?)  occur  from  216   to   41.'>  — an  interval   of   tJOU   feet, 
^inhich  is  about  the  nonnal  tliickness  of  IX  in  this  soue  of  its  ilecreAenre 
Westward.     The  Manchester  (Tiogft  i'iverj  red  beds  (?)  were  struck  at  in- 
krvalB  from  935  tu  950  —  41  feet,  i.  «.,  with  an  interval  of  .^10  between 
l|tbeir  top  and  the  Imttom  of  IX. 

In  the  tJladeWoll  near  Pitliole  (page  B41,  vol.  X>,  in  the  Oil  Creek 

■Mmptty,  the  red  slates  were  &nt  attack  at  IDtland  gut  tlirongh  at  31S, 

9  interval  being  123  feet.     Some  red  shale  was  then  struck  near  the 

Well  bottom  (abandoned,  no  oil)  at  ()12,  i.  «.,  294  feet  below  the  bottom 

Yot  the  upper  rod  sbules. 

These  also  probably  represent  IX  and  Uie  Muncheeter  red  beds,  witli  a 
l^lmiuUhed  interval  duo  to  westing. 

These  red  rocks  correspond  to  the  Marshall  group  of  Michigan,  itt 

K'Winuhetl    (Proc.   A..  P.  S.,  vol.  XI.,  p.  74),  the  Oritstoue  redrocks  above 

tnd  the  Cliouolute  shales  below  (tlie  latter  just  over  the  Hamilton)  in 

■'Oltio  (lilem,  p.  To  I,  and  to  the  Brown  shales  of  the  Keokuk  group'  of 

■  Indiana-  Tliey  ai-o  very  noticeable  to  tho  traveller  on  the  railways  crosH- 
Bing  Northern  Ohio, 

Note. — I  have  received  the  followiiig  letter  of  explanation  respecting 
I  the  wells  at  tlnvdy's  Bend  : 

■  St.  Louis,  Mo.,  Noeembtr  13,  1B7S. 
Lraf  iS'i'i'  .■—Tho  detailed  surveys  were  begun  and  mostly  made  under 

Rny  direction,  and  tlie  wells  Nob.  It,  T,  8  and  0  were  located  by  me.  This 
1 4ould  be  of  no  interest  to  you  or  the  public  were  it  not  tliat  the  location 
f  of  these  wells  was  the  result  of  a  long,  narefully  pursued,  and  at  least 
(apparently  successfid  investigation,  into  the  laws  of  the  distribution  of 
I  tho  oil  in  the  "sandrocks." 

i  had  already  shown  that  tlicse  rocks  ciiated  there  and  at  what 
I  deptli,  and  had  also  shown  that  thu  general  stratograpliy  of  the  district 
I  Tendered  it  reasonably  certain  that  oil  would  bo  found  there,  nod  this  hud 
I  lieon  confirmed  by  the  results  of  boring  in  tho  case  of  two  of  the  five  welts 

I  tried  to  find  the  law  of  distribution  in  its  application  to  narrower 
I. limits,  so  as  to  decrease  to  the  utmost  the  lisks,  and  increase  to  the 
1'  ntntoat  the  obances  in  sinking  wells. 

Of  the  Hve  sunk  before  I  went  there,  two  were  productive ;  of  the  four 

since  I  left,  one  is  pi'oductivc;  of  the  four  I  located,  namely,  Nos. 
.  F.  9.— TOL.  xii.— 3t 
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8,  7,  8  and  9,  all  are  productive.  No.  9,  which  is  the  least  productive  of 
the  four,  was  located  under  restriction  to  the  Lower  Campbell  tract. 
No.  8,  the  most  productive,  was  the  last  one  I  located  without  restriction. 
Nos.  6  and  7  were  both  down  before  any  other  well  was  started  in  tlie 
Whiskey  Run  or  Queenstown  Run  fteld.  The  same  principles  which 
guided  the  locating  these  wells,  led  me  to  advise  the  Brady's  Bend  Iron 
Company  against  ti*ying  the  Upper  Campbell  tract,  and  the  results  of 
boring  there  by  other  parties  have  confirmed  their  correctness,  and  there 
have  been  so  many  confirmations  that  my  confidence  in  the  principles 
amounts  to  conviction. 

In  opening  the  Whiskey  Run  or  Queenstown  Run  field,  I  simply  fol- 
lowed the  general  line  of  strike  from  the  Armstrong  Run  field ;  but  in 
locating  individual  wells  I  sought  lines  and  areas  of  deposition  of  coarse 
pebbles  in  the  **8androcks'*  out  of  broken  condition  of  the  "sandrocks." 

I  had  not  so  far  completed  the  research  into  the  laws  which  govern  the 
direction  and  position  of  these  lines  and  areas  that  I  felt  free  to  com- 
municate them  when  I  left  the  oil  country,  but  hope  to  push  the  inves- 
tigations further  hereafter.  Meanwhile  it  may  be  of  some  interest  that 
the  above  results  have  followed  an  eflfort  pursued  by  scientific  methods 
to  find  and  apply  such  laws. 

Yours,  very  respectfully, 

JAMES  E.  MILLS, 

Vice  President  Big  Muddy  Iron  Company, 


Stated  Meeting,  November  Ibth,  1872. 

Present,  nine  members. 

Viec-Presiclent,  Mr.  Fraley,  in  the  Chair. 

A  j)hotograph  of  Mr.  II.  M.  Phillips  was  received  for  in- 
sertion in  the  Album. 

Letters  accepting  membership  were  received  from  Mr. 
Isaac  Xorris,  Jr.,  dated  Philadelphia,  October  31st,  1872, 
and  from  Mr.  A.  J.  Cassatt,  dated  2030  Delancey  Place, 
Philadelphia,  November  6th,  1872. 

Letters  of  acknowledgment  were  received  from  the 
Smithsonian  Institution  (Proc,  Xo.  78),  and  the  Nat.  Verein 
at  Bremen  (87),  September  7th,  1872. 

Donations  for  the  Library  were  reported  from  the  St. 
Petersburg  Observatory;  Antiquarian  Society  at  Copen- 
hagen; K.  Academy  at  Berlin;  German  Anthropological 
Society;  Museum  of  Natural  History  at  Paris;  Paris  An- 
thropological Society  ;  Annales  des  Mines  ;  Revue  Politique; 
Nature ;  L.  &  11.  S.  Quebec ;  Boston  S.  N.  IL;  Yale  College; 
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American  Chemist;  Penn  Monthly;  Am.  J.  of  Pharmacy; 
Medical  News ;  Academy  of  X.  S.  Philadelphia ;  and  Dr. 
Jarvis,  of  Dorchester,  Mass. 

The  death  of  Gen.  George  Gordon  Meade,  on  the  6th  in- 
stant, at  Philadelphia,  aged  56,  was  announced  by  Mr.  Trego. 
On  motion.  Gen.  A.  A.  Humphreys  was  apix)inted  to  pre- 
pare an  obituary  notice  of  the  deceased. 

Mr.  Gabb  described  the  results  he  arrived  at  in  making  up 
a  summary  from  tables  of  undoubted  Miocene  fossils,  col- 
lected by  him  during  three  years  of  exploration  in  Santo 
Domingo.  These  tables  double  the  fauna  hitherto  de- 
scribed. Instead  of  the  normal  percentage  of  extinct  to 
recent  species  according  to  Lyell's  formulas,  it  ajjjxjars  that 
the  San  Domingo  Miocene  holds  217  extinct  and  97  living 
forms ;  these  living  forms  existing  on  both  sides  of  the 
present  barrier  of  Central  America,  on  top  of  which  biirrier 
lie  Miocene  rocks.  Mr.  Gabb  stated  that  he  had  just  fin- 
ished the  study  of  the  Miocene  Fossil  Mollusca,  collected 
during  his  recent  geological  examinations  in  Santo  Domingo.. 
He  found  217  extinct  species,  and  97  which  he  recognized 
as  living;  15  of  these  latter  are  peculiar  to  the  "Panama 
Province,"  having  disappeared  from  the  Caribbean  waters 
since  the  Miocene  jieriod.  One  or  two  are  found  in  the 
Eastern  seas  only,  and  others  are  now  living  on  the  oi)posite 
side  of  the  Atlantic,  or  on  the  Atlantic  coasts  of  North  and 
South  America;  while  still  others  are  closely  allie<l  to  spe- 
lies  or  belong  to  genera  only  living  at  present  in  the  seas  of 
Australia  and  Southern  Asia. 

The  most  interesting  feature  connected  with  these  fossils, 
however,  is  that  notwithstanding  the  proportion  of  liv- 
ing to  extinct  forms  is  about  one-third,  yet,  from  the  "  facies'* 
of  the  collection,  from  the  presence  of  antique  types  among 
the  genera,  and  from  the  vertebrate  remains,  such  as  Car- 
charodon^  Megnlodon  and  other  well-known  Miocene  species^ 
there  seems  little  doubt  but  that  the  formation  was  corrcctlv 
referred  to  that  age  by  previous  writers,  such  as  J..  Carrick. 
Moore,  Etheridge,  and  Duncan. 

Lyell  established  the  rule  many  years  ago,  that  the  typi- 
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cal  Miocene  contains  but  17  per  cent,  and  the  Pliocene  from 
85  to  50  per  cent,  of  living  species.  But  that  rule,  while  ir 
applies  perfectly  well  to  the  local  deposits  on  which  it  was 
})ased,  is  too  empirical  to  be  followed  elsewhere,  except  in  a 
very  general  manner  and  where  the  other  data  are  in  accord. 
An  essential  objection  to  the  numerical  rule  exists  in  the 
ditfcrent  values  that  students  place  on  specific  characters. 
Xo  two  writers  agree  on  this  subject.  Besides,  as  regions 
become  more  thoroughly  worked  up,  discoveries  of  additional 
fossils,  or  the  finding  of  living  species,  previously  known 
only  as  fossils,  vary  the  proportions  constantly.  The  general 
•deductions,  therefore,  drawn  by  an  experienced  palaeontolo- 
gist from  large  collections,  are  safer  guides  than  any  table 
of  percentages. 

Mu8.  CoMP.  Zoology,         ) 
Cambridge,  Mass.,  Dec.  3,  1872.  ) 

Irf  y  Dear  Prop.  Lesley  : 

Tlie  steamer  did  not  sail  on  Saturday  and  I 

have  availed  myself  of  the  delay  to  run  up  here.     It  was  very  fortunate, 

since  I  have  had  the  opportunity  of  seeing  Dr.  G.  A.  Maack,  and  of 

.learning  from  him  some  of  his  geological  results  on  the  late  Selfridge 

Expedition  on  the  Isthmus.     Please  have  the  following  note  added  to 

my  paper,  with  the  permission  of  the  Society  : 

The  results  of  the  explorations  of  Dr.  Maack  last  year,  on  the  Isthmus 

of  Darien,  i)ut  at  rest  tlie  question  of  the  late  geological  origin  of  the 

Isthmus.     Hi)  found  three  late  Tertiary  strips  extending  entirely  across, 

iproving  three  channels  at  least  in  the  Miocene,  and  some  of  the  deposits 

indicate  a  much  later  era  of  elevation.     One  of  these,  10  miles  inland 

from  Panama,  evidently  Post  Pliocene,  is  at  least  150  feet  above  the  tide. 

In  a  very  cursory  examination  of  his  fossils  I  detected  the  following 

species,  also  found  in  Santo  Domingo  : 

Mclongena  melongena. 

Murex  rccurvirostris. 

Malea  ringens. 

Tercbra  robusta. 

Conns  pyriformis. 

Natica  sulcata. 

Cerithium  plebium. 

Turritella. 

C'ypnea  exanthemata  (v.  cervinella). 

Venus  paphia. 

C'ardium  Ilaytense. 

Pecten  papyraceus. 
Dr.  Maack  in  his  report  calls  the  older  beds  of  Panama,  Pliocene.  They 
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seem  to  me  nearer  in  age  to  the  rooks  which,  in  Santo  Domingo,  I  called 
Miocene,  but  wliatever  be  their  real  age,  the  one  fact  is  well  established  : 
The  Isthmus  was  elevated  at  a  period  not  remote  from  the  age  of  the 
great  volcanic  outflow  of  the  Sierra  Nevada. 

Yours,  sincerely, 

W.  M.  GABB. 

The  minutes  of  the  Board  of  Officers  and  Council  were 
read. 

Pending  nominations,  703  to  707,  and  new  nominations, 
708,  709,  710,  were  read. 

And  the  Society  was  adjourned. 


Stated  Meeting^  December  6th^  1872. 

Present,  13  membei's. 

Vice-President,  Mr.  Fraley,  in  the  Chair. 

Letters  acceptino^  membership  were  received  from  Mr. 
Broca,  dated  Paris,  Ifovember  14th,  and  Mr.  Hale,  dated 
Clinton,  Ontario  County,  Canada,  November  26th,  1872. 

Photographs  of  Mr.  B.  S.  Lyman  and  Mr.  W.  M.  Gabb 
were  received  for  the  Album. 

A  letter  desiring  the  establishment  of  correspondence,  was 
received  from  Mr.  W.  A.  Smith,  Secretary  of  the  Tennessee 
Philosophical  Society,  dated  Columbia,  Tennessee,  Novem- 
ber 21st.  On  motion,  the  Societv  named  was  ordered  to  be 
placed  on  the  list  of  correspondents  to  receive  the  Pro- 
ceedings. 

A  letter  from  M.  de  Koninck,  dated  Li^ge,  September  3d, 
requesting  the  Society  to  supply  deficiencies  in  his  suite  of 
its  Proceedings,  was  read,  and,  on  motion,  the  request 
granted. 

Letters  of  acknowledgment  were  received  from  the  Caro- 
linian University,  at  Lund,  August  Ist  (XIV.,i.  ii.,73  to  85) ; 
the  Physical  Society,  at  Berlin,  September  1st  (XIV., i.  ii.,8S 
to  86) ;  the  Society  at  Bonn,  August  6th  (84  to  86) ;   the 
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Batavian  Society,  at  Rotterdam,  August  29th  (XIV.,  iii.,  87) ; 
the  Holland  Society,  at  Harlem  (86),  requesting  a  supply  of 
deficient  parts ;  the  R.  Library,  at  the  Hague,  July  24th 
(XIV.,  iii.,  87);  and  the  Rhode  Island  Historical  Society, 
Providence,  November  19th  (88). 

On  motion,  the  request  of  the  Holland  Society,  at  Harlem, 
was  referred  to  the  Publication  Committee,  with  power  to 
act. 

Letters  of  envoy  were  received  from  the  University  of 
Lund,  August  1st;  the  Physical  Society  of  Berlin,  Septem- 
ber 1st ;  the  RoyalAcademy,at  Amsterdam,  September  15th  ; 
the  Batavian  Society,at  Harlem  ;  and  the  Holland  Society,  at 
Harlem,  December  28th,  1871,  and  June  1st,  1872. 

Donations  for  the  Library  were  reported  from  the  Im- 
perial and  Royal  Academies  at  St.  Petersburg,  Turin,  and 
Amsterdam;  the  Societies  at  Moscow,  Bremen,  Bonn,  Har- 
lem, the  Hague,  Leeds,  Quebec,  and  Salem ;  the  Geological 
Institute  at  Vienna ;  the  Physical  Society  and  German  Geo- 
logical Society  at  Berlin;  Dr.  C.  F.  Naumann  at  Leipsic ;  the 
Astronomical  Observatory  at  Turin ;  the  Revue  Politique  > 
London  Nature;  Lund  University;  M.  L.  de  Koninck  at 
Li^ge ;  the  Royal  Astronomical  Society ;  Old  and  New ;  Amer- 
ican Journal  of  Science ;  the  American  Oriental  Society  ;  the 
Cornell  Era ;  the  Fnmklin  Institute ;  the  Medical  Kews ; 
and  the  Philosophical  Society  of  AVashington. 

The  death  of  Mrs.  Mary  Somerville,  a  member  of  this  So- 
ciety, aged  92,  was  announced  by  the  Secretary. 

A  letter  was'  read  by  the  Secretary  from  Mr.  Gabb,  dated 
Museum  of  Comparative  Zoology,  Cambridge,  Mass.,  De- 
cember 3d,  giving  additional  imformation  respecting  the 
date  of  the  emergence  of  the  Isthmus  of  Panama,  in  a  note 
to  be  added  to  his  memoir  on  the  Geology  of  Santo  Do- 
mingo. 

The  Annual  Report  of  the  Treasurer  w^as  read. 

The  Annual  Report  of  the  Publication  Committee  was 
read. 

Pending  nominations,  Nos.  703  to  710,  and  new  nomina- 
tions, Xos.  711,  712,  Avere  read. 
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The  following  resolution  was  offered  by  Mr.  Price  and 
agreed  to,  and  the  accompanying  letter  ordered  to  be  placed 
upon  the  minutes : 

Resolved,  That  the  Curators  be  authorized  to  deliver  tlie  Continental 
Congress  Chair  to  the  Mayor,  taking  an  acceptance  of  it  from  Councils, 
that  it  sliall  be  placed  in  Independence  Hail,  subject  to  be  reclaimed  at 
any  time  by  this  Society. 

To  Hon.  William  S.  Stokely,  Mayor  of  the  City  of  Philadelphia  : 

We  lierewith  deliver  into  the  custody  of  the  City  of  Philadelphia  an 
Arm  Chair  used  by  the  Continental  Congress,  now  belonging  to  the  Amer- 
ican Philosophical  Society,  that  it  may  be  placed  in  the  Hall  of  Indepen- 
dence, and  accepted  by  Councils,  subject  to  be  at  any  time  reclaimed  by 
said  Society. 

(Signed)  JOSEPH  CARSON,       ] 

ELIAS  DURAND,         I  Guratorn. 
HECTOR  TYNDALE,  J 
December^  1872. 

The  Librarian  stated  that  a  large  number  of  books  and 
brochures  needed  binding;  that  the  book-cases  had  again 
become  overcrowded  by  accessions;  that  certain  classes  of 
books  were  seldom  or  never  referred  to ;  that  thQ  catalogue 
in  MS.  of  the  Theological  books  and  pamphlets  was  nearly 
finished ;  and  suggested  that  the  book-eases  might  be  re- 
lieved and  a  benefit  be  conferred  on  learning  by  depositing 
the  Chemical,  Mineralogical,  and  Geological  books,  tempo- 
rarily, in  the  new  building  of  the  University  of  Pennsyl- 
vania. 

On  motion  of  Mr.  Ruschenberger,  it  was 

Resolved,  That  the  Committee  on  the  Library  be  requested  to  consider 
the  expediency  of  depositing  in  the  library  of  the  University  of  Pennsyl- 
vania certain  books  now  In  the  library  of  the  Society,  which  are  not  much 
called  for ;  and  in  case  they  shall  deem  the  same  expedient,  then  to  report 
a  plan  for  can*ying  the  same  into  effect,  which  will  insure  the  use  of  the 
books  to  the  members  of  the  Society,  and  also  provide  for  the  safe  keep- 
ing of  the  books  so  deposited,  and  their  return  to  the  Society  when  called 
for. 

And  the  Society  was  adjourned* 
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Stated  Meeting,  December  20fA,  1872. 

Present,  13  members. 

Vice  President,  Prof.  J.  Cresson,  in  the  Chair. 

A  letter  from  the  Librarian  of  the  Pennsylvania  Histori- 
cal Society,  dated  Philadelphia,  Dec.  13,  was  read,  requesting 
the  completion  of  their  set  of  Transactions  and  Proceedings 
A.  P.  S.,  which  on  motion  was  granted,  and  the  Librarian 
authorized  to  act  accordingly. 

Letters  of  similar  import  from  the  Cornell  University  and 
State  Normal  School  at  Fredonia,  were  on  motion  referred 
to  the  Publication  Committee  with  power  to  act. 

A  letter  of  envoy  was  received  from  Mr.  Thomas  Bland, 
iXew  York,  42  Pine  Street,  Dec.  16th,  on  the  part  of  Gov. 
Rawson,  of  Barbadoes,  presenting  to  the  Society's  Library 
a  copy  of  his  report  on  the  population  of  the  island. 

The  death  of  a  member,  Mr.  Thomas  Sully,,  at  Philadel- 
phia, on  the  6th  iilt.,  aged  89  years,  was  announced  by  the 
Secretary. 

The  death  of  a  member.  Dr.  Renfe  La  Eoche,  at  Philadel- 
jihia,  on  the  9th  inst.,  aged  77  years,  was  announced  by  Mr. 
Fraley,  and  on  motion.  Dr.  Carson  was  appointed  to  prepare 
an  obituarV  notice  of  the  deceased. 

The  death  of  a  member.  Dr.  Samuel  L.  Ilollingsworth,  at 
Philadelphia,  on  the  14th  inst.,  aged  57  years,  was  an- 
nounced by  Mr.  Fraley. 

Mr.  (bpe  desired  to  place  on  reconl  an  abstract,  which  he 
communicated  orally,  of  a  paper  on  the  Zoological  Divisions 
of  the  liirth,  as  proposed  by  Slater,  Huxley  and  others, 
giving  his  preference  to  that  of  Slater,  and  citing  the  num- 
bei's  of  species,  etc.,  already  described. 

Dr.  Wilcox  exhibited  a  Japanese  Magic  Mirror,  the  prop- 
erty of  E.  C.  Bittinger,  U.  S.  X.,  and  carrying  on  its  back 
side  the  inscription  ^^  Elevation — In  the  dust."  He  read  two 
lottei^s  written  by  Prof.  John  Tyndall  to  Mr.  Alex.  Johnson, 
ill  answer  to  a  request  for  an  explanation  of  the  physical 
]»henomena  of  these  niirix)rs,  used  in  the  Buddhist  eultus. 

l^rof.  Marsh  gave  a  short  account  of  the  more  remarkable 
results  of  his  explorations  in  the  Rocky  Mountains  since 
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1870,  viz.:  His  discovery  of  the  first  American  fossil  ptero- 
dactyles,  cheiroptera,  marsupials,  birds  with  biconcave  ver- 
tebrae, monkeys  (eocene)  of  low  type,  and  dinoceria,  a  new 
order  of  horned  proboscidians  with  canine  teeth. 

Prof.  Cope  dissented  from  the  propriety  of  at  present 
erecting  the  proboscidians  so  discovered  into  a  separate  order, 
merely  on  the  ground  of  their  possessing  horns  and  canines, 
and  gave  his  reasons. 

Prof.  Marsh  also  gave  an  interesting  account  of  Mr. 
Clarence  King's  detection  and  exposure  of  the  "Arizona 
Diamond  Fraud,"  and  his  own  observations  of  the  locality, 
which  is  actually  in  Colorado,  and  not  in  Arizona.  Ilad  the 
fraud  not  been  exposed  by  the  prompt  energy  of  Mr.  King 
before  the  setting  in  of  the  deep  snows,  great  suffering  and 
loss  of  life  and  a  vast  plunder  of  property  would  have  ensued. 

The  Report  of  the  Committee  of  Finance  was  read  by  its 
Chairman,  a'ud  the  appropriations  for  the  ensuing  year 
recommended  therein,  were  on  motion  ordered : 

Salary  of  Librarian $700 

Salary  of  Assistant  Librarian 300 

Salary  of  Janitor 100 

Binding  Books 200 

Subscription  to  Journals 50 

Insurance 200 

Hall  Committee 200 

Petty  expenses  of  Librarian 150 

Publications  in  addition  to  the  interest  on  the  Publication 

Fund 2,500 

General  Expenses,  including  the  Commissions  of  the  Treas- 
urer  860 

$5,310 

Pending  nominations,  Nos.  703  to  712,  and  new  nomina- 
tions, 713,  714,  were  read. 

Mr.  Fraley  reported  the  receipt  of  fr.  694.50  from  Drexcl, 
Hayes  &  Co.,  agents  of  the  Society  in  Paris,  being  interest 
on  French  Rentes  placed  to  the  credit  of  the  Michaux  Leg- 
acy Fund, of  which  fund,  he  explained,  $300  had  already  been 
paid'  to  the  Park  Commissioners  to  defray  expenses  in  estab- 
lishing the  Michaux  Grove  in  the  City  Park  at  Fairmount. 

The  meeting  was  then  adjourned. 

A.  p.  B. — VOL.  XII. — 3u 
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COMMUNiCATION    ON    THE    DISCOVERY   OF   NEW    ROCKT 

MOUNTAIN  FOSSILS, 

Made  1!v  Prof.  O.  C.  Haarh 

At  tlie  meeiing  of  the  Aiittrfeim  Fhilmaphical  8ocUty.  Dtr.  30,  1872. 

ProFesBor  O.  C.  Marata,  of  Yale  College,  gave  a  brief  account  ofBOine 
of  the  more  important  results  of  bis  palieontological  reseai-ubee  in  the 
Rooky  Mountain  region  dnrinf;  the  lust  thi«e  years.  He  hod  directed  bis 
attention  nininlj  to  the  extinct  vcrtehraten  of  the  (^'retaceoae  and  Tertiary 
formations,  and  had  obtained  mort'  than  301)  species  new  to  ecience,  about 
inO  of  which  he  had  already  descrihed.  Among  the  new  types  of  fOBsil 
vertebrate*  tbun  discovered,  were  FtorodoctirlB,  or  Oniithosaurians,  tlio 
first  detected  in  this  country.  He  bad  described  three  species  of  these 
l>om  the  Cretaceous  of  Kansas,  itll  of  gigantic  sixe.  Prof.  C'opo  had 
Huhsequently  redcscrilied  twoof  the  species  in  the  Proc«ediDg8  of  this  So- 
ciety (Vol.  XII.  p.  430j,  but  the  names  P1erodartylu»  nef.idenlaU;  Marsh, 
and  P.  ingenn.  Marsh,  given  in  the  American  Journal  of  Science  (Vol.  III. 
p.  341 1  hod  priority.  A  second  and  quite  unexpected  discovery  of  great 
interest  was  that  of  the  hhthyomida,  or  cretaceous  birds  with  biconcave 
vertebne,  two  species  of  wbicb  Prof,  Marsh  had  reoently  desuribed.  A 
third  discovery  was  that  of  fossil  CheiripUra,  or  Bats,  not  before  ob- 
served ia  this  country.  The  three  known  species  were  found  in  tlie 
Eocene  of  Wyoming.  A  fourtlinew  type  waatbatof  extinct  Marsupials, 
also  from  tlie  Eocene.  A  fifth  discovery  of  great  iraporUnoe,  was  that 
of  fossil  Qaadrumaita,  seveml  genciiu  and  species  of  wliich  be  had  found 
in  the  Eocene.  Prof.  Marsli  stated  that  be  had  obtained  indications  of 
fo»Bil  Monkeys  in  this  formation  more  than  a  year  before,  but  had  de- 
Uyed  announcing  the  discovery  until  tbe  evidence  waa  conclusive.  A 
sixth  new  type  of  animals,  and  pei'liaps  the  most  interesting  of  nil,  were 
the  gigautic  Eocene  Mammuls,  which  he  had  recently  ossignvd  to  tbe 
new  order  Dinoferea.  These  animals  bad  limb  bones  somewliat  like 
those  of  Proboscidians,  as  stated  in  the  original  description  of  the  type 
species,  Tlnoeerai  an^fpt.  Marsh.  The  skull,  however,  presents  a  raost 
remark:ili!e  combination  of  characters.  It  is  long  and  narrow,  and  sup- 
ported two,  and  possibly  three,  piurs  of  hums.  Tlie  top  of  the  skull  was 
concave,  and  on  its  lateral  and  posteiior  rnargin  there  was  an  enonnons 
crest.  Tbcrewerelargedecurvedcaniuctusksresemblingtbuseofthe  Wal- 
rus, but  noupperincisors.  Tbe  six  jiremolar  and  molar  teeth  were  quit* 
small.  Several  species  of  these  remarkable  animals  have  already  been  de- 
scribed, but  nt  present  they  cannolall  bedistinguisliedwitb  certainty.  In 
addition  to  tlie  type  species  already  mentioned.  Prof.  Cope  has  givsD  Ibo 
nanta  Ijixolophodon  umMaeltn,  to  a  single  tooth,  which  may  possibly  be- 
long to  this  group.  Or.  I^eidy  bos  described  a  oharaeleristif  specimen  as 
UinUttheriuia  robintam,  and  a  cani  ne  tooth,  apparently  part  of  tbe  Mm» 
animal,  under  another  name.  The  remarkable  feature  of  the  skull  In 
this  group  was  first  indicated  in  the  name  Timxerat,  which  tha  speaker 
had  proposed  for  one  of  the  genera.  Prof.  Cope  subsequently  propoted 
the   name   Eobatileus,  but   was   mistaken   in   regard  to  the  main  char- 
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acters  of  the  skull.  What  he  called  incisors  are  canines;  and  the 
large  horns  are  not  on  the  frontals,  but  on  maxiliaries.  The  top  of 
the  skull  moreover  is  not  convex,  but  concave,  and  the  occiput  is 
oblique,  and  not  vertical.  Prof.  Marsh  stated  that  he  had  descnbed 
several  species  of  this  group,  one  of  the  most  singular  of  which,  DinoMras 
mirabilis.  Marsh,  was  i*epresented  in  the  Museum  of  Yale  College  by 
a  nearly  perfect  skeleton,  and  portions  of  several  others.  In  all  of 
the  species  the  limb  bones  differ  considerably  from  those  of  Probos- 
cidians, while  the  skull  is  so  totally  unlike  anything  hitherto  known, 
that  he  could  not  refer  these  extinct  animals  to  that  group,  and  hence 
had  proposed  for  their  reception  the  order  Dinocerea, 


ON  A  SPECTROSCOPIC  OBSERVATION  OF  THE   AURORA  OF 

APRIL  10,  1872. 

Bt  Persifor  Frazer,  Jr. 

(Read  before  the  American  Philosophical  Society ,  April  19,  1872.) 

On  the  night  of  April  10,  1872,  a  very  beautiful  Aurora  was  seen  from 
Philadelphia,  spreading  over  25^  or  80^  of  the  Northern  Heavens. 

The  night  was  clear,  and  the  wind  was  from  N.  W.  and  slightly  cool. 
A  heavy  bank  of  cloud  covered  about  one-sixth  of  the  horizon  to  the 
north,  and  from  the  crest  of  this  bank  the  Aurora  seemed  to  proceed, 
shooting  up  fitfully  in  sprays  and  bundles  to  near  the  zenith,  and  travers- 
ing from  west  to  east  and  back  again  with  average  rapidity.  One  de- 
tached streamer  crossed  the  zenith  from  N.  £.  to  S.  W.,  and  remained 
permanent  in  position,  giving  only  occasional  fluctuations  of  light. 

Observations  were  commenced  with  a  Brownhig  angle  measuring  spec- 
troscope, the  light  condensed  tlirough  a  13  foot  focus,  9  in.  diam.  lens. 

The  observations  were  made  solely  with  reference  to  the  green  line  in 
the  Aurora,  and  the  purpose  in  view  was  to  verify  or  not  the  observations 
of  Piazzi  Smith  in  regard  to  its  coincidence  with  the  green  hydro-carbon 
line  seen  at  the  base  of  every  candle  and  illuminating  gas-flame. 

Four  observations  gave  the  following  results  : 

1.  Green  line  of  Aurora 920    85'    0" 

2.  "  "  920    35'    0" 

8.  "  *'  920    48'    0" 

4.  **  "  920    20'    0" 

The  line  became  exceedingly  faint  during  the  3d  and  4th  observations 
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SO  as  to  present  great  difficulties  in  placing  the  cross  wires  on  it,  but  as 
the  mean  of  these  deviations,  great  as  it  is,  is  very  nearly  the  two  first 
recorded,  I  have  proposed  to  let  the  late  observations  stand,  and  rate 
their  value  as  1  each,  that  of  each  of  the  first  two  being  called  5. 

This  would  give  the  value  of  this  line  as 929  84'  49.8" 

A  series  of  careful  observations  in  the  D  lines  and 

the  F  line,  gave  as  a  mean  of  the  former 91^  52'  80" 

And  for  the  latter »50  13'  0'* 

The  angular  distance  between  D  and  F 30      20'       30" 

A  curve  was  projected  on  the  plan  now  generally  adopted  by  observa- 
tions on  some  ten  lines,  and  by  reference  to  this  parabola,  the  mean  length 
of  the  green  line  was  found  to  be  563. 

It  would  correspond  to  66  of  Iloscoe  or  176.88  Kirchoflf.  Lines  in  Rb, 
and  Cs,  and  Ba,  lie  very  near  it,  but  none  exactly  coincides  with  it,  nor 
ii  there  any  absorption  line  in  the  Solar  Spectrum  which  does. 


NOTICE  OF  PR0B0SCIAN8  FROM  THE  EOCENE  OF  SOUTHERN 

WYOMING. 

By  Edw.  D.  Cope. 

( Telegram  dated  Black  ButteSy  Wyomingy  August  17,  1872,  read  by  the 
Secretary  at  the  meeting  of  the  American  Philosophical  Society,  Septem- 
ber 20^A,  1872.) 

I  have  discovered  in  Southern  Wyoming  the  following  species  :  Loxo- 
LOPHODON,  Cope.  Incisor  one,  one  canine  tusk  ;  premolars  four,  with 
one  crescent  and  inner  tubercle  ;  mola'  s  two  ;  size  gigantic.  L.  cornutus; 
horns  tripedral,  cylindric  ;  nasals  with  short  convex  lobes.  L.  furcatus, 
nasals  with  long  spatulato  lobes.  L.  pressicornisy  horns  compressed  sub- 
acuminate. 

(Signed)  Edward  D.  Cope, 

U.  S.  Geological  Survey. 

[Note  by  the  Secretary. — The  above  telegram  was  so  badly  transmitted 
by  the  oi)orators  as  to  be  read  with  difficulty,  and  the  precise  fonns  of  the 
specific  names  could  not  be  certified  until  the  i-eturn  of  Prof.  Cojie  from 
the  field.  ] 
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OaiTDARy  Notice  of  Edward  Mili.bk,  Civn.  EsniKEER. 

mPrtpared  nl  tkt  rt'jiiett  of  the  Afoeriean  Phflotojihifitl  HneUly,  and  wad  at 
a  vuittiag  oftlit  Saeitty,  April  5,  1872. 

By  SoirfmoN  W.  Robehts,  Civil  Engineer. 

Edwacd  Miller  was  bora  En  Pliilodelpliia  on  tlie  Gth  of  Jaouaiy,  1811. 

Hb  was  the  third  sou  of  William  Miller,  who  waa  the  Secretary  of  the 

I  PhiladelpLia  ftlariae  Insurance  Company,  and  had  been  CoromisBioncr 

*  of  the  Ilevooue  of  the  United  States  nt  the  City  of  Wauhiiijfton.    lie  was 

a  gentleman  of  the  old  school,  remiu-kable  for  his  punctilious  politeness, 

and  for  a  high  sense  of  honor ;  nnd  was  held  in  higli  esteem  hy  many 

lirominent  citizens  of  PhiludclpliJa,  and  in  particular  by  Mr.  Nicholas 

Biddle,  with  whom  he  was  very  intimate.    Mr.  William  Miller  and  his 

.  family  were  connected  with  the  first  PreBbyterian  Church  of  Philtidel- 

I  pliia  for  many  years. 

Edward  Miller  was  educated  at  the  UniverBity  of  Pennsylvania,  where 
be  graduated,  with  Mathematical  Honor,  when  seventeen  years  of  age- 
Immediately  afterwards  he  entered  the  Engineer  Corps  on  the  Lehigh 
Canal,  of  which  Canvass  White  was  tlie  Chief  Engineer.  Mr.  White  had 
been  one  of  the  Principal  Engineers  of  the  Erie  Canal  of  Nuw  York,  and 
a  gentleman  of  tine  character  and  much  experience.  lie  had 
I  made  pedestrian  tours  along  the  lines  of  the  principal  canals  of  Orent 
]  Britain,  and  he  was  a  man  of  sterling  integrity  and  of  great  industry. 
□  Edward  Miller  joined  the  corps,  the  Resident  Engineer  was  Syl- 
r  Welch,  a  man  of  remarkable  energy  of  character,  who  planned  the 
I  Portage  Railroad  and  directed  its  construction  across  the  Allegheny 
I  Mountain,  and  who  was  afterwards  the  Chief  Engineer  of  the  State  of 
I  Kentucky.  With  htm  waa  bis  bi-othcr,  Aslibel  Welch,  since  the  Chief 
j  Engineer  of  various  important  works  in  New  Jersey,  and  for  several 
I  years,  until  the  leasing  of  tbe  lines,  the  President  of  the  United  Com- 
1  panics  of  that  State-  On  the  Leliigh  at  the  same  time  were  W.  Milnor 
I  Roberts,  now  the  t'bief  Engineer  of  the  Northern  Pacific  Ituilroad  ;  Solo- 
[  mon  W.  Rul>erts,  now  Chief  Engineer  and  Superintendent  of  the  North 
f  Pennsylvania  Railroad;  A.  D.  Warford,  Geo.  E.  llofiman,  Beiuainin 
I  Aycrigg,  and  several  other  well  known  engineers.  It  was  a  good  school. 
Canvass  White  had  been  an  officer  of  volunteers  in  the  war  of  1H13, 
I  ftnd  had  been  badly  wounded  at  Fort  Erie.  He  was  a  strict  disciplina- 
[  rian,  and  set  a  flneexampleof  conscientiousdischargeof  duty,  even  wbeu 
I  nufferiug  from  ill  health  and  much  bodily  weakness,  Henry  Clay,  when 
I  leoommcnding  him  for  Engineer  of  the  Chesapeake  and  Ohio  ('anal,  said: 
«  competent,  no  man  mora  capable  ;  and  while  your  faith 
I  in  his  ability  and  fidelity  increases,  your  friendship  will  grow  into  alTec- 
T  tiou."  He  died  in  1834  of  pulmonary  disease,  when  44  years  of  age,  and 
I  js  buried  at  Princeton,  New  Jersey,  where  he  had  resided  oe  Chief  En- 
r  gineer  of  the  Delaware  and  Raritnn  Cunal. 
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The  principal  manager  of  the  business  of  the  Lehigh  Canal  and  Navi- 
gation Company  at  that  time,  was  Josiah  White,  a  member  of  the  Society 
of  Friends ;  a  man  whose  abilities  and  great  public  services  in  develop- 
ing the  resources  of  Pennsylvania,  were  worthy  of  a  more  fitting  memo- 
rial than  they  have  yet  received. 

From  the  time  when  Edward  Miller  joined  the  corps  at  Bethlehem,  on 
the  Lehigh,  in  1828,  until  the  canal  was  completed  in  the  following  year, 
he  was  much  liked  by  his  comrades,  and  an  intimacy  grew  up  between 
him  and  the  writer  of  this  notice,  which  lasted  without  interruption  until 
his  death,  a  period  of  more  than  forty  years.  In  the  autumn  of  1829,  they 
entered  together  the  service  of  the  State  of  Pennsylvania,  on  the  western 
division  of  the  State  Canal,  of  which  Sylvester  Welch  had  been  appointed 
the  Principal  Engineer. 

That  work  was  finished  in  December,  1830,  and  early  m  1831  Edward 
Miller  went  abroad  and  passed  some  months  in  England,  where  he  care- 
fully examined  the  Liverpool  and  Manchester,  the  Cromford  and  High 
Peak,  and  other  railways  in  Great  Britain.  He  was  provided  with  excel- 
lent introductory  letters,  and  he  acquired  a  large  amount  of  valuable 
professional  knowledge.  Soon  after  his  return  home,  Sylvester  Welch, 
who  had  become  the  Principal  Engineer  of  the  Portage  Railroad  over  the 
Allegheny  Mountain,  appointed  Edward  Miller  to  be  his  Pnncipal  Assist- 
ant in  charge  of  the  Machinery  of  the  Inclined  Planes.  Mr.  Miller  de- 
signed the  stationary  engines  and  other  machinery  for  ten  inclined  planes, 
and  superintended  their  construction  in  Pittsburg.  The  plans  were  novel 
and  ingenious,  and  the  rapid  manner  in  which  the  planes  on  the  moun- 
tain were  worked,  as  compared  with  those  elsewhere,  showed  their  great 
superiority.  In  the  spring  of  1834  the  railroad  over  the  mountain  was 
opened  for  public  use,  the  rise  from  the  canal-basin  at  Hollidaysburg  to 
the  summit  being  1,400  feet  in  a  little  over  ten  miles.  The  work  at- 
tracted much  notice,  and  many  persons  of  distinction  visited  it.  It  served 
its  purpose  until  it  was  superseded  by  the  improved  line  of  the  Penn- 
sylvania Railroad. 

Throughout  his  career,  Edward  Miller  illustrated  the  advantages  of 
literary  and  scientific  training  to  a  man  of  business.  He  surrounded 
himself  with  good  books  and  made  good  use  of  them.  He  turned  his 
attention  to  Geology,  and  studied  it  with  reference  to  its  infiuence  upon 
topography,  and  upon  the  contour  lines  of  the  country  in  whicli  he  was 
engaged  in  railroad  exi)loration8  and  locations,  and  especially  with  refer- 
ence to  the  region  of  the  Allegheny  Mountains  in  Pennsylvania,  of  which 
he  traced  a  crest  line  for  more  than  forty  miles.  Soon  after  he  grew  up 
to  manhood  he  wrote  an  essay  on  this  subject  for  publication. 

The  first  work  of  which  he  had  the  independent  charge  as  Chief  En- 
gineer, was  the  Catawissa  Railroad.  At  that  time  locomotive  engines 
had  been  but  a  few  years  in  use  for  miscellaneous  traftic  ;  they  were  much 
ligliter  and  less  powerful  than  those  now  used,  and  high  speeds  and  long 
tniins  were  very  little  known.     The  ponderous  engines,  weighing  thirty 
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or  forty  tons,  with  Et«c1  tiros  n-nd  atecl  Arc-lioxcs,  burning  anthracite 
coal,  aud  roshing  along  over  vaxying  grades  witli  a.  speed  and  a  power 
whicli  continue  to  impress  the  iraagination  even  of  those  whose  duily 
duty  it  is  to  direct  thoir  course,  Uad  then  no  existence. 

I'he  Catawissa  liailroad  has  a  aummlt-tuunel  about  1,200  feet  loDg,  ex- 
cavati^d  through  rouk.  The  rise  from  the  Susquehanna  at  Catawlssa  to 
the  tunnel  on  the  head-waters  of  tlie  Little  i^cbnylltill,  is  very  nearly 
1,000  feet  in  about  thirty  miles.  JHr.  Miller  fitted  his  lino  to  the  ground 
with  very  great  care,  and  in  suoli  a  way  that  the  road  lias  no  grade  ex- 
ccedtug  tbirty-three  feet  iu  a  mile,  bo  as  to  economize  locomotive  power 
to  the  greatest  possible  extent.  This  necessitated  the  building  of  svvorBl 
very  hti;h  bridges  to  carry  the  grade  across  lateral  raviiica  entering  Uie 
main  valley.  This  road  continues  to  be  in  succuiuful  use.  The  location 
was  a  very  bold  one,  nothing  like  It  having  been  attempted  in  tbo  country 
before,  and  it  showed  a  very  considerablo  degree  of  origiualty  and  self- 
reliance  on  the  part  of  the  young  engineer  who  made  it. 

In  June,  183S,  while  living  at  CatawiKsa,  Mr.  Miller  was  happily  mar- 
ried to  Miss  Jessie  Pattei'son  Imbrie,  of  Philadelphia.  His  wife  survives 
him  with  a  largo  fivmily  of  children,  and  tiieir  oldest  son,  Mr.  James 
Imhrie  Miller,  now  holds  a  high  position  iu  British  ludia,  as  Chief  En- 
gineer of  the  Government  Railways  in  Rajpootana,  a  large  distriot  of 
Central  India,  with  the  rank  of  Lieutenant-Colonel  of  Engineers. 

(^oon  after  his  marriage,  Edward  Miller  was,  for  some  time,  the  Chief 
Engin<ser  of  the  Morris  Canal  of  New  Jersey. 

Itefore  the  completion  of  the  Catawissa  Railroad,  bo  left  it  to  Income 
Chief  Engineer  of  the  Sunbury  and  Erie  Railroad  Company,  of  which 
Nicholas  Biddle  was  then  the  President.  He  proceeded  to  explore  the 
country  between  Suabnry  and  Erie,  much  of  wliith  was  a  wildenioss.  It 
was  said  at  the  time,  that  in  tlie  wildest  part  of  it  llicre  was  bnt  one 
house  near  the  line  ior  sixty  miles.  A  oonaidcrable  time  was  oi!cupiod  in 
preliminary  surveys,  but  the  construction  of  the  work  did  not  go  on  until 
long  after,  on  account  of  the  failure  of  Iho  United  States  Bank  and  the 
temporary  collapse  of  credit  that  ensued. 

The  people  I'esiding  in  the  soutliem  tier  of  counties  in  the  State  of 
New  York,  were  resolutely  bent  on  having  a,  railroad  from  the  Iliidson 
River  to  Lake  Erie,  to  rival  the  Erie  Canal.  A  charter  was  obtained  and 
the  work  undertaken.  Thus  ai'ose  the  New  York  and  Erie  Railroad 
Company,  which  has  had  snob  au  extraordinary  history  since,  a  history 
which,  to  one  familiar  with  it,  seems  like  a  niniance. 

By  its  charter  the  company  was  prohibited  from  locating  any  part  of 
its  road  outside  of  the  territorial  limits  of  the  State  of  New  York.  The 
long  line  was  cut  up  into  several  parts,  with  independent  Engineers  upon 
euoh,  and  conl'usion  followed  as  a  matter  of  course,  Edward  Miller  was 
employed  as  a  Consulting  Engineer  to  write  a  report  upon  what  was  going 
on.  This  he  did  so  mucli  U>  4be  satisfaiaion  of  the  Board  of  Dircotora, 
tliat  he  was  soon  after  appointed  fhiof  Engineer  of  the  whole  lino  from 
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the  Hudson  to  Lake  Erie.  When  it  is  considered  that  he  was  a  citizen  of 
Pennsylvania,  and  only  thirty  years  of  age,  it  is  remarkable  that  he 
should  have  received  such  an  appointment. 

The  location  of  the  railroad  was  materially  changed,  additional  legis- 
lation was  obtained,  a  part  of  the  line  was  laid  within  the  limits  nf  Penn- 
sylvan.a,  on  the  Upper  Delaware  ;  and  Mr.  Miller  continued  to  be  the 
Chief  Engineer  lur  about  three  years,  and  until  the  work  was  suspended 
for  the  want  of  funds.  The  first  division  of  the  road  was  opened  for 
public  use  while  he  had  charge  of  it. 

It  may  be  remarked,  in  this  connection,  that  a  great  change  has  come 
over  the  general  tenor  of  legislation  in  the  sevei'al  States  of  the  Union, 
on  the  subject  of  internal  improvements. 

Men  change  and  die,  but  the  mountain  ranges  remain  and  the  streams 
flow  on  in  their  old  channels.  The  arbitrary  lines  drawn  upon  the  map 
as  political  divisions,  cease,  more  and  more,  to  act  as  barriers  to  obstruct 
the  constiniction  and  use  of  railroads,  which  the  people  feel  that  they 
need  to  facilitate  their  free  intercommunication,  and  thus  the  railroads 
of  the  country  become  one  of  the  most  powerful  means  of  securing  a 
more  perfect  Union. 

After  leaving  the  New  York  and  Erie  Road,  Mr.  Miller  returned  to  Phil- 
adelphia, and  became  President  of  the  Ilarrisburg  and  Lancaster  Com- 
pany, which  post  he  held  for  two  years,  and  while  holding  it  he  visited 
EnglSind  as  financial  agent  of  the  Company.  In  1845  he  was  the  Chief 
Engineer  of  the  enlargement  of  the  Schuylkill  Navit^ation,  a  work  by 
which  the  tonnage  of  the  boats  upon  the  Schuylkill  River  and  Canal  lias 
been  considerably  more  than  doubled. 

On  the  18th  April,  1845,  Edward  Miller  was  elected  a  member  of  the 
American  Philosophical  Society. 

In  1850,  the  Pennsylvania  Railroad  Company  was  chartered.  The 
prompt  construction  of  a  continuous  railroad  from  Philadeljiliia  to  Pitt^- 
burg  was  demanded  by  public  ojiinion  ;  and,  in  the  face  of  much  opposi- 
tion, the  City  of  Philadelphia,  in  its  corporate  capacity,  subscribed  five 
millions  of  dollars  to  the  stock  of  the  company. 

Mr.  John  Edgar  Thomson,  now  the  distinguished  President  of  that 
powerful  and  prosperous  corporation,  w.as  appointed  its  Chief  Engineer. 
Mr.  Thomson  is  a  native  of  Pennsylvania,  born  in  Delaware  county,  and 
his  great  success  as  a  railroad  engineer  in  Georgia,  recommecded  him  for 
his  new  post  of  professional  honor  and  responsibility.  How  worthily  he 
was  to  fill  it  is  best  shown  by  the  annual  reports  of  the  Pennsylvania 
Railroad  Company  for  the  last  twenty-five  years.  Edward  Miller  became 
the  Associate  Engineer  of  the  Western  Division,  the  most  difficult  part 
of  the  line,  and  under  his  supervision  the  surveys  and  location  of  the 
road  from  Altoona  to  Pittsburg  were  made,  under  Mr.  Thomson  as  Chief 
Engineer.  After  Mr.  Thomson  became  President  of  the  Company,  Mr. 
Miller  succeeded  him  as  Chief  Engineer. 

How  efficiently  these  gentlemen  aided  each  other,  and  thus  promoted 
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the  great  interests  confided  to  their  care  ;  with  what  freedom  from  pro- 
fessional jealousies  they  acted,  and  what  magmauimity  chamcterized 
their  intercourse,  is  well  known  to  the  writer  of  this  imperfect  tribute  to 
the  memory  of  one  whose  loss  we  now  deplore,  and  who  considers  it  to 
be  a  worthy  example  to  young  men  entering  upon  the  arduous  life  of  a 
Civil  Engineer. 

Mr.  Miller  remained  in  the  service  of  the  Pennsylvania  Railroad  Com- 
pany for  about  six  years,  and  in  18r)2  he  visited  England  on  business  of 
that  corporation. 

In  February,  1853,  he  became  the  Chief  Engineer  of  the  North  Penn- 
sylvania Railroad,  and  continued  upon  that  line  until  June,  185G,  in  that 
year  being  President  of  the  Company.  He  located  the  railroad  from  Phil- 
adelphia to  Bethlehem,  and  part  of  it  was  completed  wliile  under  his 
charge.  A  continuous  line  was  also  located  from  Bethlehem  to  the  State 
line  of  New  York  at  Waverley,  and  various  other  surveys  were  made  to 
the  Delaware  Water  Gap  and  elsewhere. 

In  1856,  Edward  Miller  removed  to  Missouri,  having  been  appointed 
Chief  Engineer  of  the  Pacific  liailroad  of  that  State.  He  held  that  post 
for  a  few  years  ;  and,  having  gone  to  reside  on  a  large  farm  near  the  Mis- 
souri River,  about  six  miles  from  the  Kansas  line,  the  war  broke  out,  and 
he  found  himself  with  a  large  family  in  a  position  of  great  peril.  The 
progi-ess  of  the  railroad  had  stopped,  and  a  terrible,  irregular  warfare 
filled  all  Western  Missouri  with  fear.  After  enduring  the  evils  of  this 
position  for  a  time,  Mr.  Miller  returned  to  Philadelphia,  leaving  that  htime 
in  the  West  which  he  had  done  much  to  improve,  and  which  had  for  a 
while  lost  its  value. 

Although  many  millions  of  dollars  had  been  disbursed  under  his  direc- 
tion on  various  public  works,  his  accumulations,  after  many  yeaisof  labor, 
had  not  been  large.  He  was  proud  of  his  profession,  looking  upon  it  as 
the  art  of  directing  the  great  sources  of  power  in  nature  to  the  use  and 
benefit  of  man,  and  he  considered  the  Civil  Engineer  to  be  not  only  the 
interpreter  between  the  man  of  science  and  the  mechanic,  but  also  a  cap- 
tain of  industry,  bound  in  honor  to  set  a  good  example  to  those  working 
under  him  of  all  uprightness  and  integrity. 

lie  had  reached  the  age  of  fifty  years,  and  he  felt  the  importance  of 
making  a  more  adequate  provision  for  his  family.  Through  the  kind  a.s- 
sistance  of  Mr.  John  Edgar  Thompson,  he  became  a  partner  in  a  large 
contriict  for  the  completion  of  the  Philadelphia  and  Eiie  Railroad,  which 
proved  to  be  profitable,  and  he  was  afterwards  interested  as  a  contractor 
on  the  Warren  and  Franklin  and  Kansas  and  Pacific  Railroad.  The 
favorable  results  of  these  undertakings  enabled  him  to  leave  his  family  in 
easy  circumstances. 

In  January,  1871,  he  was  sixty  years  old,  and  about  that  time  he  found 
himself  suffering  from  serious  disease,  the  symptoms  of  which  had  begun 
to  develop  themselves  some  time  before.  An  internal  tumor,  of  a  cancer- 
ous nature,  was  found  to  exist  and  to  be  increasing,  and  the  resources  of 
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medical  science  and  skill  failed  to  remove  it.  He  lived  for  about  a  year, 
after  the  nature  of  liis  disease  became  known  to  him,  and  .it  times  he 
suffered  great  pain.  In  the  latter  part  of  the  time  he  could  take  but  little 
food,  and  his  strong  frame,  more  than  six  feet  in  hei  ht,  became  very 
much  emaciated.  He  was  nursed  witli  the  tenderest  care  ;  and  a  supply  of 
the  bark  of  the  Cundurango  plant  from  South  Amenca  was  obtained  for 
him,  which  has  been  highly  spoken  of  as  a  remedy  for  cancerous  diseases, 
but  which  failed  in  this  case. 

Tlie  Christian  character  of  Edward  Miller  was  l>eautifully  exhibited  in 
his  liist  illness,  and  he  was  a  fine  example  ijf  *'  the  power  of  religion  upon 
the  mind  in  retirement,  affliction,  and  at  the  approach  of  death."  He  had 
long  been  a  member  and  an  elder  of  the  Presbyterian  Church.  Although 
a  person  of  very  i)0sitive  opinions,  and  free  in  the  expression  of  them,  he 
was  a  broad-minded  man,  and  some  of  his  nearest  friends  were  not  of  hi» 
religious  communion.  At  the  last,  he  passed  away  serenely  to  his  final 
rest,  full  of  Christian  faith  and  hope. 

He  died  on  the  first  of  February,  1872,  in  the  sixty-second  year  of  his 
age,  at  his  house  in  West  Philadelphiat  and  was  buried  at  Woodlands 
Cemetery. 
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